
FUNDAMENTAL ASPECTS 

AND RELATIONSHIP OF  

IMAGING PHYSICS AND 

RADIOBIOLOGY

Dr. Qurat-ul-Ain

HoD

Diagnostic Medical Sonography



• Radiation fundamental aspects includes the basic

principles underlying the generation, interaction, and

detection of ionizing radiation. These principles are crucial

in both medical imaging physics and radiobiology.

Understanding these fundamental aspects allows for the

development of safe and effective imaging techniques and

radiation therapy strategies. Here's an explanation of

these aspects and their relationship to imaging physics

and radiobiology:



Generation of Ionizing Radiation:

• Ionizing radiation is produced through various mechanisms, such

as X-ray tube in diagnostic radiography, linear accelerators in

radiation therapy, and radioactive decay in nuclear medicine.

• Imaging physics focuses on optimizing the generation of ionizing

radiation to produce high-quality images while minimizing radiation

exposure to patients and healthcare providers.

• In radiobiology, the type and quality of ionizing radiation generated

are important determinants of its biological effects on cells and

tissues.



Interaction of Ionizing Radiation with 

Matter:

• Ionizing radiation interacts with biological tissues through different

processes, including photoelectric effect, Compton scattering, and

pair production.

• Understanding these interactions is essential for designing imaging

techniques that provide contrast and resolution, as well as for

predicting the biological effects of radiation exposure.

• In radiation therapy, knowledge of radiation-matter interactions

helps in delivering therapeutic doses to tumors while sparing

surrounding healthy tissues.



Dosimetry and Radiation 

Measurement:

• Dosimetry involves measuring the amount of radiation absorbed by

tissues, which is critical for assessing radiation exposure levels and

ensuring safe and effective imaging or treatment.

• Dosimeters and radiation detectors are used in both imaging

physics and radiobiology to quantify radiation doses delivered to

patients, healthcare workers, and research subjects.



Radiation Safety and Protection:

• Radiation safety principles aim to minimize radiation exposure and

ensure the safety of patients, healthcare workers, and the public.

• Both imaging physics and radiobiology emphasize the importance

of implementing radiation protection measures, such as shielding,

collimation, and dose optimization, to reduce unnecessary

exposure and potential health risks.



Biological Effects of Ionizing 

Radiation:

• Ionizing radiation can induce various biological effects in living

organisms, including DNA damage, cell death, mutation, and

carcinogenesis.

• Radiobiology investigates the mechanisms underlying these

biological effects and their implications for health outcomes, such

as cancer risk and tissue toxicity.

• Understanding the biological effects of radiation exposure informs

the development of radiation protection guidelines and treatment

protocols in both medical imaging and radiation therapy.



Radiation Dose Optimization:

• In medical imaging, dose optimization aims to achieve diagnostic

image quality with the lowest possible radiation dose.

• Similarly, in radiation therapy, dose optimization aims to deliver

therapeutic doses to tumors while minimizing the risk of radiation-

induced toxicity to surrounding normal tissues.

• The balance between diagnostic accuracy and radiation dose in

imaging and between tumor control and normal tissue toxicity in

radiation therapy is a fundamental consideration in both fields.



• In summary, the fundamental aspects of ionizing radiation,

including its generation, interaction with matter,

measurement, safety, and biological effects, form the

basis of imaging physics and radiobiology. The integration

of these principles guides the development of safe and

effective imaging techniques and radiation therapy

protocols, with the ultimate goal of improving patient care

and outcomes.


