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ABSTRACT

This is a sample Word document that can be used as a template in formatting your thesis/dissertation.  It cannot exceed 350 words.

If you use any special characters (including superscripts and subscripts) in your abstract, you must write out the term in plain English in square brackets immediately following the first use of the character.  For example: H2O [water] and µ [micron].  This has nothing to do with how common the term is in your field of study-- our catalogers have to enter the abstract in our records using a plain text format that cannot accommodate the special characters, but has no problem with word substitutes. 
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[bookmark: _Toc420995890][bookmark: _Toc422997477][bookmark: _Toc115086093][bookmark: _Toc427156460]Chapter One
Introduction and background Information

[bookmark: _Toc115086094]Introduction to Radiation Therapy
Radiation therapy is the treatment of disease using X-rays or similar forms of radiation and has been in practice for over 100 years using radioactive sources, X-ray generation tubes, and more recently, particle accelerators. While the methods of carrying out treatment have evolved with technology, the fundamental goal is to deliver energy in the form of radiation to a specific area to weaken and/or kill cells. This has made radiotherapy a valuable tool in the oncology field for killing tumor cells inside of patients without the need for surgery, and an estimated two-thirds of all cancer patients will receive RT as part of their treatment. Thanks to the discovery of X-rays by Wilhelm Rontgen in 1895, this new feild of medicine had been ushered in. Early research in X-ray imaging around the turn of the century had discovered that prolonged exposure created inflammation, redness, and tissue damage on the skin. Prior to understanding the biological effects of radiation, within a year, the first X-ray treatments were being carried out on cancer patients. Around the same time, the Curies started their research on natural sources of radiation, leading to a better understanding of radiation, and subsequently, the emergence of brachytherapy with radium and other natural radioactive sources. This section will discuss the development as well as clinical procedures that have shaped the radiotherapy field over the past century since the discovery of ionizing radiation.  
Early X-ray tubes of the Crookes cold cathode design were limited in energy (<100 keV) and output resulting in limited tissue penetration and energy deposition rate. While the medical applications of X-rays where immediately recognized, their utility was mostly limited to superficial skin cancers. The introduction orthovoltage (100 – 500 keV), Coolidge (hot cathode), X-ray tubes in the 1920’s allowed a wider variety of treatments due to the increased penetration depth of 4 - 6 cm. It was around this time in the late 1910’s to early 1930’s that the dangers associated with radiation began to surface in the scientific community. The miracle like radiation was quickly marketed to the public for all kinds of applications. There were many “quack” uses of radium in bath salts, water additives and cosmetics leading to injury and death from radiation poisoning. This is when the American Medical Association established guidelines on the maximum daily intake levels, which coincides with Hermann Joseph Mullers 1927 paper first recognizing the genetic effects and increased cancer risk associated with radiation exposure. While the understanding of radiation in the body was limited, this is considered the beginning of radiation biology. This discovery coincided with the work of Henri Coutard, a French radiologist, who first demonstrated in 1922 that X-ray doses that would be intolerable for a single treatment, when spread over multiple days, had no effect on subcutaneous tissues. This work lead to a fractionated treatment process whereby the dose is divided into multiple smaller “fractions” to promote healthy cell repopulation. This method was adopted worldwide in 1935 and is still the basis for radiation therapy planning today. 
With the invention of the nuclear reactor during the Manhattan Project, a new method of delivering higher energy radiation therapy was now possible due to Cobalt-60 production. This isotope has a 1.17 and 1.22 MeV gamma ray, perfect for deep penetration. By the end of the 1930’s, X-ray tube energies had been pushed into the MeV range making deep tumor locations treatable, however these machines were not viable at scale due to the complexity and cost. In 1948, the first cobalt therapy device was licensed by the Atomic Energy Commission, nicknamed “cobalt bomb”, to Dr. Harold E. Johns completing the first treatment in 1951. However, within a few years, the next evolution in radiation therapy would emerge with the first clinical use of a medical linac. This new option for MeV treatment was much more attractive due to the versatility and the ability to turn off the source. By the 1970s, medical linacs had become the work horse of radiotherapy offering a range of treatment energies from as low as 2 MeV to 25 MeV, making tumor depth no longer a factor in treatment.     


https://www.sprmn.pt/pdf/pmb6_13_r20_LINACs_(Thwaites&Tuohy).pdf
https://en.wikipedia.org/wiki/Cobalt_therapy#:~:text=Cobalt%20therapy%20is%20the%20medical,body%20to%20kill%20tumor%20tissue.
https://www.bir.org.uk/useful-information/history-of-radiology/1930s/1930s-medical-physics.aspx
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5535674/
https://en.wikipedia.org/wiki/Dose_fractionation
https://news.stanford.edu/news/2007/april18/med-accelerator-041807.html
https://www.news-medical.net/health/Radiation-Poisoning-History.aspx#:~:text=The%20genetic%20effects%20and%20increased,Hermann%20Joseph%20Meller%20in%201927.
https://international.anl.gov/training/materials%5CIAEA%20Publications%5CRadiation%20Oncology%20Physics%20Handbook%5CRadiation%20Oncology%20Physics%20-%20Slides%20-%20pdf%5CChapter_05_Teletherapy_machines.pdf
https://en.wikipedia.org/wiki/Megavoltage_X-rays
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5535674/
https://en.wikipedia.org/wiki/History_of_radiation_therapy
      
 
 

[bookmark: _Toc115086095]Low Dose Radiation Therapy
Recently, there has been increased interest in using radiation therapy for treatment of non-cancer diseases affecting the respiratory system using low doses of radiation. Although not new, low dose radiation therapy (LD-RT), can offer alternative treatment methods for healthcare providers. This section will discuss some of the research regarding the use of LD-RT for acute respiratory distress syndrome (ARDS) and the different methods of delivery. This includes LINAC based deliveries, which are highly specialized particle accelerators used in radio-oncology, and X-ray tubes commonly found in X-ray imagers and CT-scanners. This section will also discuss dosimetry, how energy deposition in tissue is calculated and measured given the X-ray energy, flux and source operational characteristics.  
[bookmark: _Toc420995893][bookmark: _Toc422997480][bookmark: _Toc427156463][bookmark: _Toc115086096]Heading 3
Use of styles is helpful in generating a table of contents. This sample document uses the headings to automatically generate the table of contents, list of tables, and list of figures. 
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Once you use styles to generate the lists, you can update them quickly and easily.
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Don’t forget to submit your thesis/dissertation to the thesis/dissertation consultant by the preliminary review deadline (this specific deadline can be found here: http://gradschool.utk.edu/ddategraduation.shtml)
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Literature Review	
	
Tables and figures embedded within the chapter should be placed on a separate page following the first mention in the text. The page before the table/figure page should be a full page of text, unless it happens to occur at the end of the chapter. 

Tables and figures must be placed on separate pages even if they are small. There must not be any document text on the figure/table. You can also have multiple figures/tables on the same page provided there is half an inch of space between each figure/table. 

[bookmark: _Toc420995897][bookmark: _Toc422997484][bookmark: _Toc427156467][bookmark: _Toc115086100]Heading 2
You should not “break” text and leave white space on text pages just to show a figure or table on the next page -- instead, simply continue the text (even if it is a new paragraph or new section) until that page is filled.  The only time there should be a significant amount of white space on a page is when it is the last page of the chapter.  You can leave white space on pages that just have tables or figures. 

[bookmark: _Toc420995898][bookmark: _Toc422997485][bookmark: _Toc427156468][bookmark: _Toc115086101]Heading 3
Tables and figures may also be placed in an appendix at the end of the thesis/dissertation. If you do this, be sure to note that the tables/figures are located in the appendix. This can be done either parenthetically or with footnotes.  You may place all tables and figures in an appendix, or just a few. If you choose to place all tables and figures in the appendix, you can note that “All tables and figures are located in the appendix” after the first mention of a table or figure.

[bookmark: _Toc420995899][bookmark: _Toc422997486][bookmark: _Toc427156469][bookmark: _Toc115086102]Heading 3		
Table numbers and titles should be placed above the tables. Figure numbers and titles should be placed below the figures. The font for tables must match the font for the body of the text, although it can be smaller (as long as it is consistent – so if your normal text is 12 pt, and you make of your figure captions is 10pt, ALL of your figure captions must be 10pt). The same goes for spacing – if you double-space your normal text, your table/figure captions can be single-spaced (as long as they are ALL single-spaced).  All tables must have at least 2 columns and a heading row. Tables must also have at least 3 grid lines. These lines include the line above the table, the line below the heading row, and the line below the table.
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The font inside tables should match the font in the rest of the document, as should the font for table numbers and titles.  The font INSIDE figures can differ from the font for the body of the text.  However, the font for the figure number and title must match the font for the body of the text. You may use color figures or black and white.
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Don’t forget to refer to all tables/figures by number within the text. Once you have mentioned a table/figure, you must place it on the next page. For instance, if you mention Figure 1 on page 33, the actual figure should be placed by itself on page 34. Even if a figure or table is small it must be placed on a separate page. If multiple figures/tables are mentioned, you can show them on a separate page together provided there is half an inch of space between each figure/table. 
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Results and Discussion
Another chapter, and I’ve run out of things to say. I hope that a template will help some of you. Remember that consistency is the most important thing. You may use any spacing style or font as long as you use it consistently. It should also be legible and able to be seen on any computer (so stick with Times New Roman, Arial, etc.). Rules for placement of tables and figures are more specific (see previous pages, and consult the Guide to Preparation of ETDs: http://web.utk.edu/~thesis/Guide11.pdf). Good luck with your writing!
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