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CT scanning is a high dose imaging modality. Effective dose estimates 

from CT scans can provide important information to patients and medical 
professionals. For example, medical practitioners can use the dose to 
estimate the risk to the patient, and judge whether this risk is outweighed by 
the benefits of the CT examination, while radiographers can gauge the effect 
of different scanning protocols on the patient effective dose, and take this 
into consideration when establishing routine scan settings. Dose estimates 
also form an important part of epidemiological studies examining the health 
effects of medical radiation exposures on the wider population. Medical 
physicists have been devoting significant effort towards estimating patient 
radiation doses from diagnostic CT scans for some years. The question 
arises: How accurate are these effective dose estimates? The need for a 
greater understanding and improvement of the uncertainties in CT dose 
estimates is now gaining recognition as an important issue (BEIR VII 2006). 

This study is an attempt to analyse and quantify the uncertainty 
components relating to effective dose estimates from adult head CT 
examinations that are calculated with four commonly used methods. The 
dose estimation methods analysed are the Nagel method, the ImpaCT 
method, the Wellhöfer method and the Dose-Length Product (DLP) method. 
The analysis of the uncertainties was performed in accordance with the 
International Standards Organization’s Guide to the Expression of 
Uncertainty in Measurement as discussed in Gregory et al (Australas. Phys. 
Eng. Sci. Med., 28: 131-139, 2005). The uncertainty components vary, 
depending on the method used to derive the effective dose estimate. 
Uncertainty components in this study include the statistical and other errors 
from Monte Carlo simulations, uncertainties in the CT settings and positions 
of patients in the CT gantry, calibration errors from pencil ionization 
chambers, the variations in the organ sizes and positions within patients, and 
advances in CT scanner design that have not been taken into account by the 
effective dose estimation methods. The analysis excludes uncertainties due 
to variation in patient head size and the size of the model heads. 

For each of the four dose estimation methods analysed, the smallest and 
largest uncertainties (stated at the 95% confidence interval) were; 20-31% 
(Nagel), 14-28% (ImpaCT), 20-36% (Wellhöfer) and 21-32% (DLP). In 
each case, the smallest dose estimate uncertainties apply when the CT Dose 
Index for the scanner has been measured. In general, each of the four 
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methods provide reasonable estimates of effective dose from head CT scans, 
with the ImpaCT method having the marginally smaller uncertainties. This 
uncertainty analysis method may be applied to other types of CT scans, such 
as chest, abdomen and pelvis studies, and may reveal where improvements 
can be made to reduce the uncertainty of those effective dose estimates. As 
identified in the BEIR VII report (2006), improvement in the uncertainty of 
effective dose estimates for individuals is expected to lead to a greater 
understanding of the hazards posed by diagnostic radiation exposures. 
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