


Beam data acquisition using water phantom fs an important step in ireatment planning.

For accurate freatment it Is necessary to confimm the treatment parameter using a
simufator (
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Radiation treatment requires careful planning for each patient using computers

Various types of anatomical phantoms are used to determina dose distribution in patients.
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A medical physicist is an important member of the health care team in a
raciotherapy department. The Standing Committee on Radiotherapy
Development Program appointed by the Director General of Health Services,

- Government of India, requires that all radiotherapy departments employ qualified

medical physicists. In addition, the Radiation Protection Rules (1971) issued
under the Atomic Energy Act (1962) promulgated by the Govt. of India make it
mandatory for all radiotherapy and nuclear medicine departments to appoint
medical physicists and radiation safely officers (RSO). Qualified medical
physicists are eligible to be appointed as RSOs. Formal training in medical
physics in India started in 1962. Since then, medical physicists have made
significant contributions to the development of radiotherapy and nuclear
medicine programs in the country.

This brochure has been prepared to focus attention on the educational
and training background of medical physicists, their scope and responsibilities
as members of the radiotherapy team and the regulatory requirements. Similar
documents from professional organisations of medical physicists around the
warld have been consulted in preparing this brochure. A number of medical
physicists have contributed significantly in bringing up this brochure to this level.
| am thankful to all of them. | am happy to present this as a document of the
Association of Medical Physicists of India and hope this will help the other
members of the radiotherapy department and health care administration in
appregiating the role of medical physicists amongst them

(M.S.S. Murthy)
Secretary, AMPI

Bombay,
24 April 1895."




In nua/ after-foading brachytherapy great care is required to design and prepare the
applicalors.
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What is Medical Physics

" It has always been man’s endeavour to diagnose and treat human
diseases as precisely as possible. Inthis effort he has leamt to effectively employ
the tools, techniques and principles of physical sciences. Invention of
microscope to study the microorganisms which cause various types of human

. diseases, the stethoscope to transfer sound from the beating heart to the ears

of the physician, use of the period of a pendulum to investigate the irregularities
in the pulse rate of a patient, thermal expansion of mercury to measure body
temperature are some of the early examples. Developments in
electromagnetism in the 19th century lead to the therapeutic applications of high
frequency electric current and development of various types of electric
measuring instruments which are the forerunners of today’s highly sophisticated
electrocardiography and electro-encephelography equipment and a host of other
equipment in various branches of medicine such as neurology, ophthalmology,
nephrology, etc.

The discovety of X-rays by Wilhem Conrad Roentgen in 1895, the
phenomenon of radioactivity by Henry Becquerel in 1895 and radium by Mary
Curie in 1898 rapidly advanced the application of ionising radiations to diagnosis
and treatment of diseases. In the later part of the 20th century elucidation of the
structure of DNA using techniques of X-ray crystallography and genetics by
physicists, James Watson and Francis Crick and the subsequent application of
physical principles for sequencing and analysing DNA molecules opened up the

. possibility of correcting inherited defects by genetic engineering. Developments

N lasers have lead to insitu destruction of cancer cells and bloodless surgery.
Progress in electronics and computer technology have enabled physicians to
make diagnosis and treatment of diseases more precise and accurate. Today’s
modern medical department is not just a store house of various coloured liquids
and powders but a complex system of machines and instruments flashing
coloured lights, beeping information, displaying images, charts and contours. It
is staffed with physicians, physicists and technologists. Table | shows some
important branches of medicine which have greatly benefited by the application
of physics.
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~ Table | : Some major areas of medicine benefited by Physics

General Instrumentation; application of radioactive isotopes for

medicine dilution analysis, metabolic investigations, functional tests
such as radioimmunoassay (RIA) absorption studies,
circulation studies, localization of tumours.

Anaesthetics  Application of the physics of gases and aerosols in studies
connected with respiratory system. (

Cardiology Electrocardiography, echocardiography,  ballistocardio-
graphy, muscle stimulation, blood pressure and flow
investigations.

Dermatology ~ Treatment of skin diseases by radiation, skin colour
measurement.

Neurology and  Brain tumour detection by radiation, magnetic resonance
Neurosurgery  imaging (MRI) and ultrasound (US); electrical and electronic
techniques, to study nerve transmission network.

Obstetrics and  Radicisotope tracer investigations and US techniques for
Gynaecology  studies on fetal developments, tumour detection etc.
radiation treatment of cancer.

Ophthalmology Diagnosis and treatment of defects in vision; contribution 1o

and Otology thethsory of hearing, assessment and treatment afdeafness;
noise control,

Pathology, Microscopy; short wave and microwave treatment; electrical

Physical stimulators; telemetry; Imaging of internal organs; determi-(

medicine, nation of mineral content of bone; radiotherapy of cancer.

Radiology and

Radiotherapy

Surgery Bio-mechanical devices; tumour localisation by CT, US, MRI

techniques; laser applications; lithotripsy.
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Thus medical physics is a discipline concerned with (a) application of
physical concepts and methods to the understanding of human body in health
and disease, (b) the introduction of new and more precise techniques into the
investigation and treatment of the individual patient, and (c) ensuring the
availability and use of resources of physics in day-to-day medical practice.

In retrospect, the discoveries of X-rays and radium in the last decade of
the 18th century were the two most important events which brought physicists
directly to the hospital environment. Roentgen himself realised the potential of
& discovery as an aid to visualise the intemnal structures of human body. Within
weeks of his discovery, X-rays were used in a hospital in Viennato help in setting
a broken arm. Today, modern radiology has evolved into a highly sophisticated
and amazingly sharp imaging system with the use of image intensifiers,
computed tomography, digital subtraction techniques, efc. Historically, X-rays
arrived in India during the first decade of this century and today there are more
than 50,000 X-ray units in radiological services, with nearly a thousand new
machines added every year.

Similarly, Mary Curie’s discovery of radium firmly established the use of
ionising radiations and the role of physicists in cancer therapy. The advent of
nuclear reactors and particle accelerators in the mid 20th century brought out a
host of powerful and flexble radiation sources such as %Co, '¥7Cs, %41, 99mTg
onthe onehand, and linear accelerators, microtrons and cyclotrons, onthe other,
for cancer treatment. This also made available a number of man-made
radioisotopes, creating a whole new branch of medicine called nuclear medicine
{or radiation medicine). Tools such as gamma camera, positron emission
tomography (PET), single photon emission computed tomography (SPECT),
and mare recently nuclear magnetic resonance imaging (MRI) and spectroscopy
(MRS) have further enhanced the diagnostic capabilities.

In India, presently, there are about 208 teletherapy units and 114
brachytherapy systems in 107 cancer therapy centers and 118 nuclear medicine
departments in the country. In addition to this, a number of laboratories carry out
invitro investigations in human health using ionising radiations.
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