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One of the loneliest diseases plaguing people in the world today is Alzheimer’s disease, a cause of dementia.  It is estimated that 5.3 million people suffer from the disease in the United States alone (Alzheimer’s Association).  Alzheimer’s disease, like many dementias, is a progressive disease that affects the brain.  Brain function is affected by the death of nerve cells and deterioration of brain tissue.  This paper will explore and evaluate some of the neuroimaging techniques used to aid in the diagnosis of Alzheimer’s disease and dementia, specifically structural and functional Magnetic Resonance Imaging (MRI), and Positron Emission Tomography (PET).
The Alzheimer’s Association estimates that 50 to 70 percent of dementia cases are Alzheimer’s.  It is the 7th leading cause of death in the United States and has a price tag of 172 billion dollars in annual costs.  It is one of the most commonly studied causes of degenerative brain function, yet no definitive diagnosis using neuroimaging exists for living beings, and is usually only diagnosed after other causes are excluded (Mistur et al., 2009).  
While Alzheimer’s disease is the most common cause of dementia, it is not the only cause.   Dementia is not a specific disease, but rather a group of symptoms caused by various disorders or conditions that result in damaged brain cells.  Clinical symptoms can range from mild to severe and include memory loss, cognitive impairment, such as changes in mood, difficulty communicating, inability to plan or make appropriate judgments, poor follow through on tasks, and decline in motor function (Alzheimer’s Association).  Dementia was once thought to be a normal part of the aging process, but now can be attributed to both treatable and non-reversible conditions.  Treatable conditions that can cause dementia include high fever, dehydration, vitamin deficiency, malnutrition, adverse reactions to medicines, trouble with the thyroid gland, or a head injury (Alzheimer’s Association).  Conditions or diseases that cause irreversible dementia include Alzheimer's disease, Dementia with Lewy Bodies, Vascular dementia, Frontotemporal dementia, and Creutzfeldt-Jakob disease, among others (Alzheimer’s Association).  
Early behavioral presentations of the various types of dementia are similar to one to another, which creates difficulty in being able to clinically diagnose the specific cause based on cognitive and behavioral symptoms alone.  To make a complete diagnosis and provide treatment options, medical personnel must be able to discriminate between each cause of dementia.  Modern imaging techniques have revolutionized health professionals’ understanding of the brain by offering the opportunity to non-invasively study neuroanatomy and neurofunctioning in living participants.  Because of this, neuroimaging can be an invaluable tool to the clinical diagnosis of dementia, especially as these techniques are developed and used to detect precursors or early signs of Alzheimer’s disease and dementia.  
Magnetic Resonance Imaging
Using MRI, scientists can image both surface and deep brain structures with a high degree of anatomical detail, and detect changes in the structures that occur due to degeneration from disease.  In Alzheimer’s disease, morphological studies have revealed the predictable progression of degeneration of amyloid plaques and tangles as they move through the entorhinal cortex of the hippocampus, to the limbic region, and then into the cerebral cortex association areas (Fennema-Notestine, McEvoy, Hagler, Jacobson, and Dale, 2009).  In Frontotemporal dementia, structural MRI has traced tissue deterioration from frontal lobes to the hippocampus and amygdala (Vitali, Migliaccio, Agosta, Rosen, and Geschwind, 2008).  While structural MRI is an important tool in discriminating between the various types of dementia, it is limited to measuring changes as the disease is progressing through the brain.  
Some research is beginning to show that morphological MRI’s ability to track and measure brain shrinkage and tissue death has value in treatment research.  Fennema-Notestine et al. (2009) sited research that found the “non-invasive approach of structural MRI is less variable” in assessing treatment effects, with respect to cognition tests.  While being able to support the effects of treatment is vital to successfully battling Alzheimer’s and dementia, early detection is essential to beginning treatment before irreversible damage or significant tissue loss occurs.
Researchers are studying whether the use of structural neuroimaging methods may be expanded to play a more direct role in diagnosing dementia and Alzheimer’s disease in early stages.  For now, testing for dementia does include structural imaging with MRI, but as a means to rule out treatable causes of dementia by detecting tumors, evidence of stroke, damage from head trauma, or fluid buildup (Mistur et al., 2009).  Echoing this finding, Tateno, Kobayashi, and Saito (2009) concluded that morphological brain imaging contained no real diagnostic value beyond that of ruling out reversible conditions when trying to differentiate between Dementia with Lewy Bodies and Alzheimer’s disease.  At this point, more research needs to be conducted on the value on structural MRI as a viable option for early detection of dementia or Alzheimer’s disease.            
Within the last few years, scientists have developed techniques that enable them to use MRI to image the brain as it functions. Functional MRI (fMRI) relies on the magnetic properties of blood to enable scientists to see images of blood flow in the brain as it is occurring. This allows for changes in brain activity to be recorded as it performs various tasks or is exposed to a mixture of stimuli.  Vitali et al. (2008) concluded that fMRI is increasingly being used in neurological research, but that the neurophysiology that causes it to work is still not completely understood.  However, the potential exists for cognitive and behavioral testing using fMRI to determine if differences exist between the different dementias.      
Positron Emission Tomography
Another form of functional neuroimaging involves Positron Emission Tomography (PET).  PET measures discharge from radioactively labeled chemicals that have been injected into the bloodstream.  Using PET scans with F-2fluoro-2-deoxy-D-glucose (FDG), a radioactive compound, is a common technique for illustrating functional impairment in specific brain regions in dementia (Herholz, Carter, and Jones, 2007).  This is done by measuring the rate at which FDG is absorbed or metabolized by brain cells.  As the brain’s nerve cells are destroyed by Alzheimer’s disease, glucose metabolism declines.  There are less cell and tissues to absorb the glucose, and tangled nerve cells don’t metabolize the source of energy properly (Alzheimer’s Association).  
Mistur et al. (2007) reviewed research that found FDG-PET studies in Alzheimer’s disease revealed “consistent and progressive” reduction in glucose metabolism in the cerebral cortex, which correlates to symptom severity.  They further noted, the pattern of affected brain regions of reduced cerebral metabolic rate of glucose can be used to differentiate Alzheimer’s disease from other dementia types, like frontotemporal dementia and Dementia with Lewy Bodies (DLB).  Similarly, Tateno et al. (2009) acknowledged that PET imaging, showing low cerebral metabolic rate of glucose, could be useful in differentiating (DLB) from other types of dementia.  
A radiotracer, called Pittsburgh Compound B (PIB), developed by Chester A. Mathis, PhD, and William Klunk, MD, PhD. in 2004 (Alzheimer’s Association), is enhancing ways in which neuroimaging can be used.  PIB can attach itself to amyloid plaques and then be detected by PET scans.  Thus far, PIB has consistently provided accurate detection of amyloid plaques, which shows potential for improving diagnostic accuracy in Alzheimer’s disease (Herholz, Carter, and Jones, 2007).  Vitali et al. (2008), agrees that PIB will improve the ability to differentiate the various types of dementia, especially in comparison to other newly developed radiotracers.  
Alzheimer’s disease, along with the other causes of dementia, results in damaged brain cell activity, the results of which are eventually seen by behavioral and cognitive symptoms.  Unfortunately, at the point in which cognitive and behavioral symptoms are seen, permanent damage to brain neurons is done.  This limits treatment options.  The medical community needs the ability to detect these diseases early, as well as the ability to differentiate one from another.  Neuroimaging is playing an increasingly important role in the early and accurate diagnosis of Alzheimer’s and dementia.  Studies using MRI and PET have advanced our knowledge of the degenerative progression of Alzheimer’s and dementia through the brain, details of how one form of dementia varies from others, and insight into potential causes of dementia.  Future research will continue to show and expand our knowledge of how neuroimaging techniques can be an accurate diagnostic tool for detecting Alzheimer’s disease and dementia.  
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