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related to medical imaging, one must not lose sight that when used 

and potential risks.

computed tomography (CT) and nuclear imaging (also known as nuclear 
medicine). Other modalities which do not use ionizing radiation which 

magnetic resonance imaging. Radiation, in relatively high doses, has 

Almost without exception, diagnostic medical imaging uses low levels 

risk in medical imaging is also timely, especially in the United States 
where there has been increased public attention mostly through 

what they have heard about cancer risks and radiology in the media. 

cancer was published in Lancet (6). Taken together, the importance 

diagnostic medical imaging necessitates a reasonable understanding 

imaging. This basic understanding applies to all medical practitioners, 

providers, such as pediatricians or emergency medicine physicians will 
be potentially involved in discussions with colleagues about risks 

However, it is particularly important in children. Children are relatively 
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minimize radiation may result in studies with excessive radiation doses 

medical imaging. 

is somewhat arbitrary): radiation biology: Hall and Brenner (8); 

medical imaging examination in adults: Mettler, et al (11); radiation 

and in experimental animal studies: Linet (13); controversies in risk 

children: Frush (15), Nievelstein (16); education material (including 

Image Gently website (www.imagegently.org) in children and 

ionizing radiation: Frush, Applegate (17). 

to DNA. The x-ray particle, a photon, releases energy when interacting 
with an electron. The electron may act either directly on DNA (direct 

in either single stranded breaks or double stranded breaks. Single 

radiation protection at the cellular level. 

and radiography and fluoroscopy) radiation doses are at the levels 

that result in either cancer or heritable abnormalities. For diagnostic 
imaging, the discussion is limited almost exclusively to the potential 

circumstances, including imaging errors, not encountered in during 
diagnostic medical imaging examinations.

material. First, radiation can be measured as exposure; however this 

the absorbed dose, measured in Gray (Gy), is known. Obviously, this 

delivered. For diagnostic imaging, this is the x-ray, and the waiting 

is equal to the absorbed dose in Gy (in medical imaging the measure 
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doses since, again we cannot practically measure internal organ doses 
during medical imaging) represents an equivalent whole body dose 

the most commonly used metric in discussing ionizing radiation dose 

wrist, or elbow provide very low doses, and computed tomography and 
nuclear imaging studies tend to provide relatively higher doses. Again, 

various imaging modalities to be compared with respect to an overall 
population risk but not an individual patient risk. Doses will depend 

particular, fluoroscopy and angiography doses may vary depending 

through will in general have a higher fluoroscopic dose than a simple 

can be quite low or relatively high (11, 12). Single imaging doses in 

mSv to 10-20 mSv (11, 13, 22).

Overall, there are nearly 4 billion diagnostic imaging evaluations that 

medical imaging use in the United States, it has substantially increased 
over the past 30 years (24). Previously, about 3.5 mSv was the annual 

imaging. This is now 3.0 mSv (23), a nearly 600% increase. Currently, 

per capita radiation exposure per year. This is largely due to increase 
in medical imaging, rather than higher doses per procedure. The 

cardiovascular abnormalities (such as acquired and congenital heart 

pain, such as appendicitis. 

Currently, in the United States, nearly 80 million CT examinations are 

al noted that out that over a three year period in a U.S. population 

networks, nearly 43% underwent at least one diagnostic imaging 
procedure using ionizing radiation, and nearly 8% had at least one 

2008 (27). 

RERF), occupational exposures, medical exposures, and environmental 

including medical imaging, there are some problems with the report. 



there is a debate (10, 14, 30). 

to dose (estimations) is a linear no threshold model (LNT) (31, 32). 

model assumes that the risk is only zero when there is no radiation 
dose.  Beginning at the zero point, a line is drawn through these 
higher points, generally above 100 mSv. This is not the only model and 
there has been some support in the literature in the other models such 

with risks seen only at higher doses or levels (33).  As a rule, the 

cancers occurring naturally.  In addition, leukemia minimum 2-5 years, 

including genetic susceptibility, as well as whether the exposure 

other experts, summarized recently by Hendee et al (14) through 

procedures over short time periods are too low to be detectable and 

be caused by CT alone (34). In addition, in an investigation published 

noted, with current CT use in the United States that nearly 15,000 

and cancer risks was published in Cancer, authored by Linet, et al. In 

diagnostic x-rays with cancer increases in patients, including modest 

diagnostic x-rays during pregnancy, and increased breast cancer risks in 
women with tuberculosis who were monitored using fluoroscopy and 

A detailed discussion underlying these investigations, which have been 
widely cited over decades, was provided.  In addition, authors reviewed 

diagnostic radiologic procedures (highlighting key epidemiologic studies), 

diagnostic radiologic procedures including in utero x-rays in pediatric 

cancer risks, adult x-rays and cancer risks, and animal studies.  For 

to be due to methodological limitations, including small sample sizes, as 

CT examinations published in Lancet by Pearce and colleagues is 

leukemia and brain cancer. For example, one brain CT examination 

are ongoing investigations in larger patient populations in several 
countries (6). 
 

the examination should be optimized, and various dose conscious 
techniques and parameters should be utilized. For children, these 

minimizing multiphase examinations. Newer techniques including 

All healthcare providers must continue to work together to assure 
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