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Analysis of Various Nuclear Technologies in the Medical Industry
	Nuclear technologies have become heavily integrated in the medical industry since the 20th century. According to a graphic from the Citizens for Nuclear Technology Awareness, the use of nuclear medicine is involved in over 40 million medical procedures annually. This involvement of nuclear technologies in the medical field is widespread, and the annual demand for radioisotopes are continuing to increase by approximately 5% (Citizens for Nuclear Technology Awareness). With this widespread and growing use of nuclear technologies in the medical field, it is important for society to understand the different technologies. Procedures such as CT scans and radiotherapy are common examples of such nuclear technologies, and have allowed physicians and scientists to analyze human anatomy far more accurately. Nuclear technologies have had a significant impact in the medical field. 
	Radioactive tracers have revolutionized the assessment of function analysis and disease identification in humans. According to the National Institute of Biomedical Imaging and Bioengineering, radioactive tracers contain “carrier molecules” that are inserted in a patient to help assess internal problems such as diseases. These carrier molecules are specific cells, enzymes, or sugars found within the human body (National Institute of Biomedical Imaging and Bioengineering). Upon insertion, these carrier molecules distribute towards specific parts of the body, where cameras are positioned around the body to map three – dimensional images of their selected path (National Institute of Biomedical Imaging and Bioengineering). The resulting map provides an accurate depiction of a patient’s current anatomical structure in relation to the tracers. This specific map was previously impossible to achieve. Additionally, there are multiple types of tracers. A physician selects a tracer that provides “reliable information for a patient’s particular problem” (National Institute of Biomedical Imaging and Bioengineering). Based on the tracer selected, a patient either receives Single Photon Emission Computed Tomography (SPECT) image or a Positron Emission Tomography (PET) image (National Institute of Biomedical Imaging and Bioengineering). These two scans allow the physician to view inside the human body with different lenses for different problems. 
	Single Photon Emission Computed Tomography (SPECT) images and Positron Emission Tomography (PET) images work off each other to maximize medical information. In a SPECT scan, tracers are injected in the patient, gamma rays are emitted by tracers, and gamma camera detectors are able to map these emissions (National Institute of Biomedical Imaging and Bioengineering). The resulting image allows physicians to analyze the total distribution of the gamma emissions (National Institute of Biomedical Imaging and Bioengineering). A small or large accumulation of gamma emissions provide information about a patient’s problem. SPECT scans are mainly used to identifying problems such as heart disease and bone disorders (National Institute of Biomedical Imaging and Bioengineering). Contrarily, PET scans use radiotracers that produce positrons (National Institute of Biomedical Imaging and Bioengineering). These positrons interact with electrons in the body, and they destroy each other and produce photons to map images of internal organs (National Institute of Biomedical Imaging and Bioengineering). The primary function of PET scans is to identify and monitor cancer in the body (National Institute of Biomedical Imaging and Bioengineering). The two scans serve different, but important functions for identifying medical problems. Together, they are able to provide detailed images of the human body to visually monitor problems such as cancer and heart disease. Before these nuclear technologies were introduced, physicians had no definite method to identify a specific part of the body that showed signs of diseases or disfunction. This allows physicians to provide more accurate and specific diagnoses, improving the overall success of medical practices. On the other hand, certain nuclear technologies work towards curing a problem.  
	Radiotherapy provides a way for patients to be relieved from cancer. According to the Willamette Valley Cancer Institute and Research Center, radiation therapy uses high energy waves to target cancerous cells and shrink tumors. This method provides a potential cure for patients who develop cancer. Prior to this development, patients had no way to target individual cells, as surgery can only target larger portions of the body. Additionally, before radiotherapy, there was no PET scans. This implies that identifying and tracking cancer was extraordinarily difficult. This means that surviving cancer before radiotherapy and PET scans depended on inferences and estimations in the initial stages. Contrarily, modern physicians can identify, track, and potentially cure cancer using nuclear technologies such as radiotherapy and PET scans. This illustrates a significant improvement in society’s cancer – relate medical practices; however, radiotherapy is not as proficient as some would prefer. Radiotherapy is only effective for approximately 60% of all cancer subtypes (Willamette Valley Cancer Institute and Research Center). Additionally, Radiotherapy targets all cells, including the healthy ones. According to the National Cancer Institute, radiotherapy damages healthy cells as well, causing negative side effects. Accounting for the probability that radiotherapy fails to fully eliminate the cancer, radiotherapy can unintentionally become another problem for the patient. As discussed previously, this lack of proficiency may be resolved with other nuclear technologies in the future. 
	The introduction of nuclear spin microscopy has the potential to shift society’s medical knowledge in a positive direction. Researchers at the Technical University of Munich used a quantum sensor to convert nuclear magnetic resonance signals into optical signals, which are captured by a high-speed camera (Briegel et al.). Essentially, this combination allowed researchers to view signals as small as 10 micrometers, or 0.00001 meters, with a high resolution (Briegel et al.). The introduction of this research is significant for the advancement of knowledge in the medical field. With the discovery of this nuclear technology, scientists are now able to view cells and medical ingredients with significantly more detail. For example, scientists could view the smaller parts of cancerous cells more clearly, allowing them to expand their knowledge on a cancerous cell’s behavior. Consequently, expanded knowledge about medical problems could yield an improvement in other nuclear technologies. Specifically, there is an opportunity to improve or build upon nuclear technologies such as radiotherapy. While only about 60% of cancer subtypes are treatable with radiotherapy, it may be possible that we gain more knowledge to cover the other cancer subtypes that radiotherapy does not cover. Theoretically, scientists may be able to improve radiotherapy or develop another method that is more proficient. Nuclear spin microscopy can not only improve our understanding of certain medical issues and concepts, but it can also lead to improvement of other nuclear technologies in the medical field.  
	Nuclear technologies have had a significant impact in the medical field. Radioactive tracers, and specifically SPECT scans and PET scans, work together to depict potential medical anomalies on an accurate anatomical structure. Radiotherapy is a revolutionary invention that provides several cancer patients with much needed relief and a potential cure. Even though these nuclear technologies are imperfect, developments such as nuclear spin microscopy may provide further improvements to these technologies and an overall improvement in medical knowledge. Prior to the introduction of these technologies, it was extremely difficult for physicians to make inferences on and cure potential medical issues such as cancer and heart disease. The introduction of PET scans, SPECT scans, and radio therapy allow modern physicians to accurately identify these diseases and provide a potential cure. A common theme illustrated throughout this essay is the fact that nuclear technologies not only have a severe impact on modern diseases and disorders, but that nuclear technologies also aid in improving other nuclear technologies. As previously stated, PET scans can identify cancer, radiotherapy can target this cancer, and nuclear spin microscopy can work to potentially improve both technologies. Nuclear technologies have had a significant impact on the medical field, thus making it important that society continues to understand and study these technologies to solve evasive issues in the medical field. 
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