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Purpose:
To conduct a reader study to estimate bias and variability for the task of measuring the size of simple and complex lesions by radiologists.

Methods and Materials:
We conducted a reader study in which 6 thoracic radiologists estimated the size of 10 synthetic nodules embedded within a realistic anthropomorphic thorax phantom from CT scan data. Ten synthetic nodules were analyzed: 4 simple (10, 20 mm spherical
) and 6 complex (20 mm elliptical, 10 mm lobulated, 10 mm spiculated) with densities of -10 and +100 HU. Two repeat CT scans of the phantom containing each nodule were acquired using a Philips 16-slice scanner (120 kVP, 100 mAs, 1.2 pitch, 0.8 mm/5.0 mm slice thickness). The readers measured the sizes of all nodules for each CT acquisition protocol (10 nodules x 2 slice thickness x 2 repeat scans) using three sizing techniques (1D longest in-slice dimension; 2D area from longest in-slice dimension and corresponding longest perpendicular dimension; 3D semi-automated volume) in each of 2 reading sessions. Each reading session was separated by at least 3 weeks. Readers, scans, and measurement techniques were randomized. The normalized size [(size-true size)/true size] was estimated for each sizing method and an inter-comparison of bias (difference between expected and true value) among methods was performed. Mixed effects linear regression was used to estimate the difference of 1D, 2D, and 3D where shape, density, size and slice thickness were fixed effects and readers were included as a random effect.
Results:
The relative biases (SD) of the 1D, 2D and 3D methods were -14.6 (20.4), -18.8 (28.3) and -1.3 (21.9) percentage points, respectively. The relative biases of 1D, 2D, and 3D were significantly different (all three pairings with p<0.001). Nodule shape, density, and slice thickness were found to be significant effects (p<0.001, p=0.007, and p=0.008, respectively).
Conclusion:

3D volume reader measurements showed the least bias across nodule shapes/densities and acquisition slice thicknesses, while 1D and 2D reader size measurements resulted in underestimates in true sizes. In addition, the variability in 1D and 3D measures were similar to each other with 2D having larger variability.
Clinical Relevance/Application:

Volume estimation may be able to provide unbiased estimates of lesion size without increasing measurement variability compared with 1D and 2D techniques for complex lesions.
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The figure contains photographs of the (a) exterior of the anthropomorphic phantom, (b)
the vasculature insert for the phantom, and (c) examples of the complex synthetic nodule
shapes included in our reader study (nodules across each row are of the same nominal
volume). (d) shows a box and whisker plot for the resulting distribution of reader size
measures for the 1D, 2D and 3D methods. The tops and bottoms of each box are the 25th
and 75th percentiles of the samples, respectively. The line in the middle of each box is
the sample median.





