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Undergraduate Certificate in Biomedical Engineering Technology

Medical Imaging Systems

Medical Imaging Systems play a crucial role in modern healthcare, allowing healthcare professionals to
visualize internal structures of the body for diagnosis, monitoring, and treatment planning. These systems
utilize various technologies to create detailed images of the body's organs, tissues, and bones. In this
course, we will delve into the key terms and vocabulary related to Medical Imaging Systems to build a solid
foundation in understanding this essential aspect of biomedical engineering technology.

1. **Radiography**: Radiography is a common imaging technique that uses X-rays to create images of the
internal structures of the body. X-rays are passed through the body, and the resulting image highlights
dense structures such as bones. Radiography is used for diagnosing fractures, detecting tumors, and
assessing lung conditions like pneumonia.

2. **Computed Tomography (CT)**: CT imaging combines X-rays and computer processing to produce
detailed cross-sectional images of the body. CT scans are valuable for detecting internal injuries, tumors,
and abnormalities in organs like the brain, heart, and lungs. They provide more detailed images than
traditional X-rays.

3. **Magnetic Resonance Imaging (MRI)**: MRI uses a strong magnetic field and radio waves to generate
detailed images of the body's soft tissues, such as muscles, organs, and the brain. MRl is particularly useful
for diagnosing conditions like brain tumors, spinal cord injuries, and joint problems. It does not involve
ionizing radiation.

4. **Ultrasound**: Ultrasound imaging uses high-frequency sound waves to create real-time images of the
body's internal structures. It is commonly used for imaging fetuses during pregnancy, assessing heart
function, and detecting conditions like gallstones. Ultrasound is safe, non-invasive, and does not involve
radiation.

5. **Nuclear Medicine**: Nuclear medicine imaging involves the use of radioactive substances to visualize
the functioning of organs and tissues in the body. Techniques like positron emission tomography (PET) and
single-photon emission computed tomography (SPECT) are used in nuclear medicine to diagnose
conditions like cancer, heart disease, and neurological disorders.

6. **Fluoroscopy**: Fluoroscopy is a real-time imaging technique that uses X-rays to visualize moving
structures within the body, such as the digestive system or blood vessels. It is used during procedures like
angiography, where a catheter is guided to specific areas of the body under fluoroscopic guidance.

7. **PACS (Picture Archiving and Communication System)**: PACS is a digital imaging system that stores,
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retrieves, and distributes medical images. It allows healthcare professionals to access patient images from
different locations, enabling efficient diagnosis and treatment planning. PACS also improves image quality
and reduces the need for physical film storage.

8. **DICOM (Digital Imaging and Communications in Medicine)**: DICOM is a standard for storing and
transmitting medical images and related information. It ensures compatibility and interoperability between
different imaging devices and software. DICOM enables the seamless sharing of images across different
healthcare facilities and systems.

9. **Radiation Dose**: Radiation dose refers to the amount of radiation a patient receives during an imaging
procedure. It is important to optimize radiation dose to ensure the benefits of imaging outweigh the
potential risks of radiation exposure. Techniques like dose modulation and image optimization help
minimize radiation dose while maintaining image quality.

10. **Image Resolution**: Image resolution refers to the level of detail captured in a medical image. Higher
resolution images have more detail and clarity, allowing healthcare professionals to make accurate
diagnoses. Factors like pixel size, image noise, and contrast resolution influence the overall quality of an
image.

11. **Contrast Agents**: Contrast agents are substances used to enhance the visibility of certain structures
or abnormalities in medical images. They can be administered orally, intravenously, or through other routes
to improve the contrast between tissues or organs. Contrast agents are commonly used in CT, MRI, and
ultrasound imaging.

12. **Artifact**: An artifact is any unwanted distortion or anomaly in a medical image that can interfere with
accurate diagnosis. Artifacts can arise from various sources, including patient motion, equipment
malfunction, or image processing errors. Understanding and minimizing artifacts is crucial for obtaining
high-quality images.

13. **Image Reconstruction**: Image reconstruction is the process of converting raw data acquired during
an imaging procedure into a visual representation of the internal structures of the body. Advanced
algorithms and processing techniques are used to reconstruct images from different modalities like CT, MR,
and PET.

14. **Radiation Safety**: Radiation safety encompasses practices and protocols aimed at minimizing
radiation exposure to patients, healthcare professionals, and the public during imaging procedures.
Adhering to radiation safety guidelines, using protective equipment, and optimizing imaging protocols are
essential for ensuring patient safety.

15. **Image Interpretation**: Image interpretation involves analyzing and understanding medical images to
make accurate diagnoses and treatment decisions. Healthcare professionals, such as radiologists and
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physicians, rely on their expertise to interpret images and identify abnormalities or pathology within the
body.

16. **Digital Radiography**: Digital radiography is a modern imaging technique that uses digital detectors
to capture X-ray images. It offers advantages such as immediate image preview, enhanced image quality,
and the ability to manipulate images for better visualization. Digital radiography is replacing traditional
film-based radiography in many healthcare settings.

17. **Pulse Oximetry**: Pulse oximetry is a non-invasive technique used to monitor a patient's oxygen
saturation levels in the blood. A pulse oximeter measures the amount of oxygen bound to hemoglobin in
the blood by detecting changes in light absorption. Pulse oximetry is commonly used during surgeries, in
intensive care units, and in emergency settings.

18. **Radiation Therapy**: Radiation therapy, also known as radiotherapy, is a treatment modality that uses
high-energy radiation to target and destroy cancer cells. Medical imaging, such as CT and MR, plays a
crucial role in planning and delivering precise radiation doses to tumors while minimizing damage to
surrounding healthy tissue.

19. **Medical Image Analysis**: Medical image analysis involves using computer algorithms and software to
extract meaningful information from medical images. Techniques like image segmentation, feature
extraction, and pattern recognition are used to automate the analysis of large volumes of medical images
for diagnostic purposes.

20. **Telemedicine**: Telemedicine involves the remote diagnosis and treatment of patients using
telecommunications technology. Medical imaging systems play a key role in telemedicine by enabling
healthcare professionals to share images, collaborate on diagnoses, and provide virtual consultations with
patients in different locations.

21. **Deep Learning**: Deep learning is a subset of artificial intelligence that uses neural networks to learn
from vast amounts of data and make predictions or decisions. In medical imaging, deep learning algorithms
are increasingly being used for tasks like image classification, segmentation, and detection of abnormalities
in medical images.

22. **Radiation Oncology**: Radiation oncology is a medical specialty that uses radiation therapy to treat
cancer. Radiation oncologists work closely with medical physicists and dosimetrists to plan and deliver
precise radiation doses to tumors while minimizing side effects on healthy tissues. Medical imaging is
essential for target localization and treatment planning in radiation oncology.

23. **Digital Subtraction Angiography (DSA)**: DSA is a technique used to visualize blood vessels by
subtracting a pre-contrast image from a post-contrast image. It enhances the visibility of blood flow and
helps diagnose conditions like arterial stenosis, aneurysms, and vascular malformations. DSA is commonly
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used in interventional radiology procedures.

24. **Positron Emission Tomography-Computed Tomography (PET-CT)**: PET-CT combines PET and CT
imaging into a single scan, providing both metabolic and anatomical information in one examination. PET-
CT is valuable for detecting cancer, evaluating treatment response, and staging tumors. It offers superior
diagnostic accuracy compared to standalone PET or CT imaging.

25. **Mammography**: Mammography is a specialized X-ray imaging technique used for breast cancer
screening and diagnosis. Digital mammography and 3D mammography (tomosynthesis) are advanced
techniques that offer improved detection of breast abnormalities. Regular mammograms are essential for
early detection of breast cancer.

26. **Interventional Radiology**: Interventional radiology involves minimally invasive procedures guided by
medical imaging to diagnose and treat various conditions. Techniques like angioplasty, embolization, and
biopsy are performed under imaging guidance to treat conditions like vascular diseases, tumors, and
blockages.

27. **Medical Imaging Informatics**: Medical imaging informatics focuses on the management and analysis
of medical images and related data. It involves the integration of imaging systems with electronic health
records, image processing software, and data analytics tools to improve workflow efficiency and decision-
making in healthcare.

28. **Radiation Protection**: Radiation protection measures aim to minimize radiation exposure to patients,
healthcare workers, and the environment during imaging procedures. Lead aprons, thyroid shields, and
radiation monitoring devices are used to protect individuals from unnecessary radiation exposure in
radiology departments and nuclear medicine facilities.

29. **Artificial Intelligence in Medical Imaging**: Artificial intelligence (Al) is revolutionizing the field of
medical imaging by automating image analysis, improving diagnostic accuracy, and enhancing workflow
efficiency. Al algorithms can assist radiologists in detecting abnormalities, predicting patient outcomes, and
optimizing treatment plans based on imaging data.

30. **Biomedical Imaging Modalities**: Biomedical imaging modalities encompass various techniques like X-
ray, CT, MRI, ultrasound, and nuclear medicine that are used to visualize different aspects of the human
body. Each modality has unique strengths and applications in diagnosing and monitoring a wide range of
medical conditions.

31. **Radiopharmaceuticals**: Radiopharmaceuticals are radioactive drugs used in nuclear medicine
imaging and therapy. These drugs contain a radioactive isotope that emits gamma rays, allowing healthcare
professionals to visualize and treat specific organs or tissues. Radiopharmaceuticals are used in procedures
like bone scans, thyroid scans, and cancer therapy.
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32. **Image-Guided Surgery**: Image-guided surgery combines medical imaging with surgical procedures
to provide real-time visualization and navigation during operations. Techniques like intraoperative CT, MRI,
and 3D imaging help surgeons accurately locate tumors, avoid critical structures, and ensure optimal
surgical outcomes for patients.

33. **Medical Image Fusion**: Medical image fusion involves combining multiple images from different
modalities or time points to create a comprehensive view of the patient's anatomy and pathology. Fusion
techniques like PET-CT and MRI-PET fusion improve diagnostic accuracy, treatment planning, and
monitoring of disease progression in patients.

34. **Radiation Biology**: Radiation biology studies the effects of ionizing radiation on living organisms,
including cells, tissues, and organs. Understanding radiation biology is crucial for optimizing radiation
therapy protocols, predicting treatment outcomes, and minimizing side effects on normal tissues during
cancer treatment.

35. **Contrast-Enhanced Ultrasound**: Contrast-enhanced ultrasound uses microbubble contrast agents to
improve the visibility of blood flow and tissue perfusion in ultrasound images. It is valuable for assessing
liver lesions, detecting vascular abnormalities, and guiding interventions like biopsies and tumor ablations
with real-time imaging guidance.

36. **Medical Image Registration**: Medical image registration involves aligning and overlaying images
from different modalities or time points to facilitate accurate diagnosis and treatment planning. Registration
techniques like rigid, affine, and deformable registration help integrate information from CT, MRI, and PET
scans for comprehensive patient evaluation.

37. **Radiation Therapy Planning**: Radiation therapy planning involves delineating target volumes and
organs at risk based on medical imaging data to optimize treatment delivery and minimize radiation
toxicity. Techniques like intensity-modulated radiation therapy (IMRT) and volumetric modulated arc
therapy (VMAT) use advanced imaging for precise treatment planning in cancer patients.

38. **Medical Image Quality Assurance**: Medical image quality assurance encompasses protocols and
procedures to ensure the accuracy, consistency, and reliability of medical images for diagnosis and
treatment. Quality assurance programs monitor equipment performance, image acquisition techniques, and
image interpretation practices to maintain high standards in medical imaging.

39. **Radiation Dosimetry**: Radiation dosimetry involves measuring and calculating the absorbed dose of
radiation in tissues and organs during radiation therapy. Dosimetrists use advanced techniques like
treatment planning systems and Monte Carlo simulations to optimize treatment delivery, ensure dose
accuracy, and minimize radiation side effects on patients.

40. **Medical Imaging Workflow**: Medical imaging workflow refers to the sequence of activities involved in
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acquiring, processing, interpreting, and archiving medical images within a healthcare facility. Efficient
workflow management, integration of imaging systems, and adherence to regulatory standards are essential
for delivering high-quality patient care in radiology departments.

By gaining a comprehensive understanding of these key terms and vocabulary related to Medical Imaging
Systems, students in the Undergraduate Certificate in Biomedical Engineering Technology will be equipped
to navigate the complex world of medical imaging technology, contribute to advancements in healthcare,

and make a positive impact on patient outcomes.
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