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Our subject is nuclear physics in medicine. One branch of this field involves the use of
radioactive substances in order to treat and diagnose certain diseases, tumors etc. Nuclide
imaging is a part of nuclear medicine, it’s a practice where radioactive substance are
introduced into the human body. It records the radiation emitting from within the body rather
than recording radiation that is emitted from external sources like X-rays.

Hadron therapy is a rather new therapy that is used to irradiate tumours.

Single photon emission computed tomography (SPECT) and positron emission tomography
(PET) scans are the two most common practices among nuclear imaging.

The following steps to do nuclide imaging are:

First inject radioactive isotopes into the body. Then these undergo radioactive decay and
generate gammy rays, a camera detects gamma rays from the isotope after a certain amount
of time.

Nuclear medicine detects regional variations of radioactivity as indication of presence or
absence of specific physiologic functions. The gamma rays are detected by a gamma

camera or another detection device which is called detector array.

The Gamma-Camera can be used to observe the effects of radioactive isotopes.
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1. WHAT IS HADRON THERAPY?




Radiation therapy is the medical use of ionizing radiation to treat cancer. In the conventional
radiation therapy, beams of X rays (these are high energy photons) are produced by
accelerated electrons. Those are delivered to the patient with the purpose to destroy the
tumour cells. Using crossing beams from many angles, radiation oncologists irradiate the
tumour target. They try their best to spare the surrounding normal and healthy tissues, but
inevitably some radiation dose is always deposited in the healthy tissues.

When the irradiating beams are made of charged particles, this means protons and other ions
such as carbon, the radiation therapy is called hadron therapy. This therapy’s strength lies in
its unique physical and radiobiological properties of these particles. They can penetrate tissues
with little diffusion, and they deposit the maximum energy just before stopping. This allows a
precise definition of the specific region which is going to be irradiated.

A feature of hadron therapy is its peaked shape of the hadron energy deposition. This is
called the Bragg peak. The Bragg peak plots the energy loss of ionizing radiation during its
travel through matter. The peak occurs immediately before the particles come to rest. Energy
lost by charged particles is inversely proportional to the square of their velocity which
explains the peak occurring just before the particles come to a complete stop
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The use of hadrons to irradiate the tumour is significantly better then when you use X-rays
because there is way less damage done to surrounding healthy tissues.

Although protons are used in several hospitals, the next step in radiation therapy is the use of
carbon and other ions. This is because they have clear advantages even over protons in
providing both local control of extremely aggressive tumours and a lower acute or toxicity. As
result this gives the patients a better quality of life during and after the cancer treatment.

There are already 120,000 patients who have been treated with hadrons, including 20,000
with carbon ions. As u can see in the graph below Hadron therapy has recently become very

popular and it is something that will grow even more in the future.
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2. THE INJECTION OF RADIOACTIVE ISOTOPES FOR DIAGNOSTIC
(finding tumours)

How does it work?

Radioisotopes are used to diagnose disease and as effective treatment tools. For diagnosis, the
isotope is administered and then located in the body using a scanner. The decay product (often
gamma emission) can be located and the intensity measured. The amount of isotope taken up
by the body can then give information as to the extent of the medical problem.



Radioisotope scans can be used to detect tumours, as in the figure.
The dark spots in the body represent areas where tumour cells exist.

Technetium-99m:

Technetium-99 is produced during nuclear reactor operation, and is a by-product of nuclear
weapons explosions.

Technetium-99m is a short-lived form of Tc-99 that is used as a medical diagnostic tool; it is
also an excited state of Tc-99 which decays by gamma emission (emission of a photon). Thus,
there is no change in nuclear composition in this case.

Technetium-99m is perhaps the most widely used radioisotope in diagnosis and treatment.
This isotope decays to Tc-99 and a gamma emission of low intensity, making the radiation
damage fairly negligible.

It has a short half-life (6 hours) and does not remain in the body or the environment for long.
Half-life is the time required for half of the radioactive atoms present to decay, that is the
spontaneous change in nucleus composition with associated emission of energy to reach a
more stable state.
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SPECT:

Single photon emission computerised tomography (SPECT) is the current major scanning
technology to diagnose and monitor a wide range of medical conditions.

Positioning of the radiation source within, rather than external to the body is the fundamental
difference between nuclear medicine imaging and other imaging techniques such as X-rays.
Gamma imaging by either method described provides a view of the position and concentration
of the radioisotope within the body. Organ malfunction can be indicated if the isotope is either
only partially taken up in the organ: cold spot, or taken up in excess: hot spot.

A distinct advantage of nuclear imaging over X-ray techniques is that both bone and soft
tissue can be imaged very successfully.



The patient is in a circular array of detectors that may be stationary or rotated, with detector
output used by a computer to construct a detailed image. This technique is called single-
photon-emission computed tomography (SPECT). The spatial resolution of this technique is
poor, about 1 cm, but the contrast, that makes an object distinguishable from other objects and
the background, is good.

Figure SPECT uses a geometry similar to a CT scanner to form an image of the concentration
of a radiopharmaceutical compound.
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3. THE INJECTION OF RADIOACTIVE ISOTOPES (FOR KILLING
TUMOURS)

When we talk about injections of radioactive isotopes, we must, first of all, talk about
radiotherapy. Radiation therapy is a therapy that is localized, non-invasive and painless in the
patient. This treatment allows cancer cells to die through high-energy radiation, called
ionizing radiation. Generally, X-rays are used, whose doses and methods of administration are
different depending on the uses. These rays have the function of directly targeting and
destroying cancer cells, while still trying to save healthy ones. In these cases, the radiation is
produced by a linear accelerator, called LINAC. But in radiotherapy, gamma rays are also
used, which are emitted by radioactive isotopes. Radiotherapy is now essential in one out of
two cases of cancer. Radiotherapy today is more and more personalized, powerful and
precise, and less toxic and therefore less dangerous for the patient's health. From this we can
understand the importance of such therapy, as it has a success rate and represents a real hope
for the fight against cancer

THE LINAC

A medical linear accelerator (LINAC) modifies X-rays or high-energy electrons to destroy
cancer cells while sparing the healthy tissue around them. LINAC uses microwave technology
to accelerate electrons in a part of the accelerator, which is called the "wave guide". In this
way the electrons that are accelerated collide with a heavy metal target and produce high-
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these rays are so directed to tumors.

IODINE — 131 — A PERFECT EXAMPLE OF
RADIOACTIVE ISOTOPE

drift tubes

Let's look at iodine-131, which is an important radioisotope of
iodine, which is usually used with thyroid cancers. In therapy,
we want to exploit the radiation emitted due to the decay of the
isotope to hit the target cells to damage them or reduce their
spread. Also, in this case, radiopharmaceuticals are used,
specifically designed to accumulate as close as possible to the =Xe
cells to be treated. The therapy consists in the oral intake of

one or two capsules containing iodine 131, which is captured by the residual thyroid cells and
through the emission of radiation causes its destruction. The radiation acts within a few
millimeters, not affecting other organs.
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Decay of Iodine 131: Iodine-131 decays with a half-life, that is the time that must pass for
half of the nuclei of a given radionuclide to undergo decay, of about 8 days with the emission
of beta particles and gamma rays. With decay it turns into xenon-131.

The Gamma-Camera can be used to observe the effects of radioactive isotopes.

4. POSITRON EMISSION TOMOGRAPHY

Positron emission tomography (PET) is an imaging technique that uses radioactive
substances, also known as radiotracers, to visualize and measure changes in metabolic
processes, blood flow, absorption, regional chemical compositions as well as other
physiological activities. Different tracers are used for different purposes. Some detect cancers,
some detect the bone formation.

PET scans are most commonly used to detect:
Cancers

Heart problems

Brain disorders

Problems with the central nervous system

I. Oncology

e PET scanning with a certain radiotracer also known as 18F-FDG is used in clinical
oncology. These scans are for detecting cancer metastasis, the spread of cancer cells in
the human body, and are the most used in standard medical care. This 18F-FDG tracer
may also be used to diagnose several types of dementia.



I1.

Cardiology

A heart PET scan can detect whether areas of your heart are receiving a decreased
blood flow. The scan can also identify dead tissue and injured tissue within the heart.
The scan gives a doctor or a surgeon more insight if the patient may benefit from a
surgical procedure.

II1. Neurology

A brain positron emission tomography scan is an imaging test that allows medical
practitioners to see how the brain is functioning through images that show the activity
of the brain and its tissues. Diseases and injuries can be detected by applying this
method.

PET scanning the brain happens with oygen-15. The method also measures the blood
flow to the brain. The increased radioactivity indicates the flow. Oxygen-15 only has a
2-minute half-life.

The image to the left shows us a PET scan of a woman with
breast cancer.

V. BIBLIOGRAPHY
(All the sources used in this document are listed below.)

ENLIGHT.WEB, What is hadron therapy, Internet, (25 January 2021).
(https://enlight.web.cern.ch/what-is-hadron-therapy)

WANG, Y., Nuclear Physics, Internet, (20 January 2021).
(https://eeweb.engineering.nyu.edu/~yao/EL5823/NuclearPhysics_ch7.pdf)

WIKIPEDIA, Positron Emission Tomography, Internet, 4 February 2021.
(https://en.wikipedia.org/wiki/Positron_emission_tomography)

DOSANIJH, M., From Physics to Medicine: Hadron Therapy, Internet, 28 November
2012. (http://www.nis-su.eu/Documents/Actions/Presentation_Manjit Dosanjh.pdf)
STEPHENS, C., What is a PET Scan, Internet, 17 September 2018.
(https://www.healthline.com/health/pet-scan#preparation)

HEALTH.ORG, Positron Emission Tomography (PET), Internet, (1 February 2021).




(https://www.heart.org/en/health-topics/heart-attack/diagnosing-a-heart-
attack/positron-emission-tomography-pet)

RADIOLOGYINFO.ORG, Linear Accelerator, Internet, 20 February 2019
(https://www.radiologyinfo.org/en/info.cfm?pg=linac)

SUTTON, C., Linear Accelerator, Internet, 31 May 2013.

(https://www .britannica.com/technology/linear-accelerator-physics)

WIKIPEDIA, lodine-131, Internet, 28 January 2021.
(https://en.wikipedia.org/wiki/lodine-131)

ZHAO, W., ESQUINAS, P. L., HOU, X., URIBE, C. F., GONZALEZ, M.,
BEAUREGARD, J., DEWARAIJA, Y. K., CELLER, A., Determination of gamma
camera calibration factors for quantitation of therapeutic radioisotopes, Internet, 2
May 2018. (https://ejnmmiphys.springeropen.com/articles/10.1186/s40658-018-0208-
9 https://courses.lumenlearning.com/cheminter/chapter/radioisotopes-in-medical-
diagnosis-and-treatment/)

WORLDNUCLEAR.ORG, Radioisotopes in Medicine, Internet, May 2020.
(https://www.world-nuclear.org/information-library/non-power-nuclear-
applications/radioisotopes-research/radioisotopes-in-medicine.aspx)

KIAER, A., KNIGGE, U., Use of radioactive substances in diagnosis and treatment of
neuroendocrine tumors, Internet, 3 June 2015.
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4487540/)

Sources for Images.

Ramsey A., An introduction to cancer theryapy with hadron radiation, Internet.
(https://www.slideserve.com/alisa-ramsey/an-introduction-to-cancer-therapy-with-
hadron-radiation )

Dosanjh M., Hadron therapy facilities in operation worldwide under construction and
in the planning, Internet, November 2014.
(https://www.bing.com/images/search?view=detail V2&ccid=0Oc723mPM &id=D595B
EA8545ADB8DF19C17D74B71CDOE28D675EC&thid=0IP.0Oc¢723mPMj75pruDriZ
XPGAHaE8&mediaurl=https%3a%2{%?2fwww.researchgate.net%2fprofile%2tManjit
_Dosanjh%?2fpublication%2f328542678%2ffigure%2{fig1%2fAS%3a6860707232522
25%401540583415558%2fHadron-therapy-facilities-in-operation-worldwide-under-
construction-and-in-the-
planning.png&exph=562&expw=841&g=hadron+therapy&simid=6080331779213262
63&ck=46AFB6ESC846BDFFCS8EF709F65156B67&selectedIndex=161&FORM=IR
PRST&ajaxhist=0)

De Vos J., Molecular Imaging Using Nanobodies, Internet, December
2012.(https://www.researchgate.net/figure/PET-CT-scan-of-a-patient-with-breast-
cancer-A-trace-amount-of-radiolabeled-glucose-18 figl 233918959)




