
NUCLEAR MEDICINE



Nuclear Medicine
Gamma Cameras:

• Used in single-photon emission computed tomography (SPECT) to detect gamma

rays emitted by radiopharmaceuticals.

• Gamma cameras use scintillation detectors to create functional images of organs

and tissues.

Positron Emission Tomography (PET):

• PET scanners use detectors to capture pairs of gamma-ray photons emitted by

positron-emitting radiotracers.

• The data are used to create three-dimensional images of metabolic activity.



Industrial Radiography

Non-Destructive Testing (NDT):

X-ray Inspection:

• Detectors capture X-rays that pass-through materials to reveal internal
structures.

• Used for inspecting welds, pipelines, and other industrial components.

Gamma-Ray Inspection:

• Radioactive isotopes (e.g., Ir-192, Co-60) are used as gamma-ray

sources, and detectors capture the radiation to inspect materials for

defects.



Research and Scientific Applications
Gamma-Ray Spectroscopy:

• High-purity germanium detectors or scintillation detectors are used to

measure and analyse gamma-ray spectra emitted in nuclear reactions.

• This is crucial in nuclear physics research.

Particle Detection:

• Detectors such as silicon detectors or scintillators are used in high-

energy physics experiments to detect charged particles like electrons,

protons, and ions.



Radiation Therapy
Linear Accelerators:

• Radiation detectors play a role in external beam radiation therapy.

• They monitor the intensity and distribution of the radiation beam to

ensure accurate delivery to the tumor while sparing healthy tissues.

Brachytherapy:

• Detectors are used to verify the position and dose of radioactive sources

implanted in or near a tumor.

• This is common in the treatment of prostate and gynecological cancers.



Environmental Monitoring

Radiation Dosimetry:

• Detectors are used to measure ambient radiation levels in the environment.

• This is crucial for assessing radiation exposure and ensuring compliance with

safety regulations.

• These diagnostic methods demonstrate the versatility of radiation detectors in

various fields, contributing to improved diagnostics, treatment, and safety.

• Advancements in detector technologies continue to enhance the precision and

efficiency of these diagnostic techniques.



Radio Nuclide Imaging Systems: 
SPECT

• Radio nuclide imaging systems, such as Single Photon Emission

Computed Tomography (SPECT) and Positron Emission Tomography

(PET), are powerful medical imaging techniques that utilize radioactive

tracers (radio nuclides) to visualize and assess physiological processes

within the body.

• Attenuation compensation is a crucial aspect of these imaging modalities

to correct for the attenuation of radiation as it passes through different

tissues.



Spect 
Imaging



Single Photon Emission Computed Tomography (SPECT)

• Principle:

• SPECT uses gamma-emitting radio nuclides (single-photon emitters) to create

three-dimensional images of the distribution of these radiotracers in the body.

• A gamma camera acquires multiple 2D projection images from different

angles around the patient.

• Computational algorithms are then used to reconstruct these images into a 3D

representation of the radio nuclide distribution.



Attenuation Compensation in SPECT

• Attenuation refers to the reduction in the intensity of the gamma

rays as they pass through various tissues.

• Attenuation compensation techniques are employed to correct for

these reductions and improve the accuracy of the reconstructed

images.

• Common methods include using transmission scans or

incorporating attenuation correction algorithms during image

reconstruction.



Positron Emission Tomography (PET)

Principle:

• PET utilizes positron-emitting radio nuclides (such as Fluorine-18)

that undergo annihilation when they encounter an electron.

• The annihilation produces two gamma rays emitted in opposite

directions, and PET detectors capture these coincident events.

• PET provides quantitative information about metabolic and

biochemical processes in tissues.



Attenuation Compensation in PET

• Similar to SPECT, attenuation correction is crucial in PET imaging

to account for the attenuation of gamma rays as they traverse

through different tissues.

• CT scans are often used for attenuation correction in hybrid

PET/CT systems. The attenuation map derived from CT is aligned

with the PET data during image reconstruction.

• Other methods, such as segmented attenuation correction and

iterative reconstruction algorithms, are also employed.



• Attenuation Compensation:

Importance:

• Attenuation correction is essential for accurate quantification of radio

nuclide concentrations and improving the spatial resolution of

reconstructed images.

• Without attenuation correction, artifacts may be present, leading to

inaccuracies in the interpretation of the images.



Methods:

• Transmission Scans: In SPECT, a radioactive source is used to

acquire transmission scans, providing attenuation maps for correction.

• CT Scans: In PET/CT, CT scans are used to derive attenuation maps.

The CT data are aligned with PET data during image reconstruction.

• Iterative Reconstruction Algorithms: Advanced algorithms

iteratively estimate and correct for attenuation during the

reconstruction process.



Characteristics of Radio nuclide Images

• Radio nuclide images obtained from techniques such as Single Photon

Emission Computed Tomography (SPECT) and Positron Emission

Tomography (PET) have specific characteristics that provide valuable

information about physiological processes within the body.



• Functional Imaging:

• Radio nuclide imaging is primarily functional in nature, providing information

about physiological processes rather than just anatomical structures.

• Examples include the assessment of blood flow, metabolism, and receptor

binding.

• Quantitative Information:

• Both SPECT and PET are capable of providing quantitative information about

the concentration and distribution of radio nuclides within tissues.

• Quantitative measures allow for the comparison of radio nuclide uptake

between different regions of interest or between different patients.



• Spatial Resolution:

• The spatial resolution of radio nuclide images is generally lower compared to

anatomical imaging modalities like CT or MRI.

• Advances in technology and reconstruction algorithms aim to improve spatial

resolution, but inherent limitations persist.

• Temporal Resolution:

• Temporal resolution varies between SPECT and PET. SPECT typically has

longer acquisition times and lower temporal resolution compared to PET.

• PET, with its shorter acquisition times, allows for dynamic imaging to capture

changes in radio nuclide distribution over time.



• Sensitivity and Specificity:

• Radio nuclide imaging is known for its high sensitivity in detecting small

concentrations of radio nuclides.

• The specificity of the imaging depends on the choice of the radiotracer and its affinity

for specific physiological processes or molecular targets.

• Attenuation and Scatter Artifacts:

• Attenuation refers to the reduction in the intensity of emitted radiation as it passes

through tissues. Both SPECT and PET images may suffer from attenuation artifacts.

• Scatter, where gamma rays change direction due to interactions with tissues, can also

introduce artifacts.

• Attenuation correction methods, as mentioned previously, help mitigate these artifacts.



• Hybrid Imaging:

• The integration of radio nuclide imaging with other imaging modalities, such

as CT (in PET/CT), provides complementary anatomical information.

• Hybrid imaging enhances the overall diagnostic accuracy and interpretation of

radio nuclide images.

• Radiotracer Characteristics:

• The choice of radiotracer is crucial and depends on the physiological or

pathological process being investigated.

• Half-life, energy of emitted radiation, and the affinity of the radiotracer for the

target are important considerations.

• Dose Considerations:

• Patient radiation dose is a concern in nuclear medicine imaging.

• Efforts are made to optimize imaging protocols to achieve diagnostic quality

images with the lowest possible radiation exposure to the patient.





• Clinical Applications:

• Radio nuclide imaging is widely used in various medical

specialties, including oncology, cardiology, neurology, and

nuclear medicine.

• Applications range from cancer staging and monitoring

treatment response to evaluating cardiac perfusion and

neurological disorders.



THANK YOU
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