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Purpose: To investigate a quantitative method for measuringbreast density (the percentageof glandularbreast tissue)with dual
energymammographyusing a dual exposure/ dualkVp technique.

Method and Materia ls: An analytical simulation model wasdevelopedto determine the meanglandular doserequired to quantify
breastdensityto within an accuracy of 1%. The simulation consideredstochasticx-ray anddetector noisesourcesin a dual energy
breastdensity image. The breastwas modeledas a semicircle 10 cm in radius with homogenousequalthicknesses of adiposeand
glandular tissues. Monoenergetic beamswere simulated with an ideal detector and polyenergeticspectra were simulated with an
energyintegratingdetectormodeledafteran existing clinical system. A surrogatebreastphantomwasconstructedto simulatea range
of breastdensities from 0 to 100%. The phantomwasimaged usinga full field digital mammographysystem at 25 kVp and 39 kVp
with an additional 2 mm Al filter addedto the high energy image.Dual energyimageswere generatedwith a non linear basis
decomposition algorithm to yield imagethicknessmapsof glandularandadiposetissue. Breastdensitywasquantified using thedual
energyimages.

Results: For a 4.2 cm breastof 50% density, optimal energiesdetermined from simulation, for monoenergetic beams and an ideal
detector,were19 keV and 71 keV. For an energy integratingdetectorand polyenergeticspectra,optimal energies were20 and 69
kVp. The estimatedrequired dose for eithertechniquewaslessthan 0.1 mGy. For dual energy images,theknown (K) andmeasured
(M) breast densitieswererelatedby M = 1.007K– 0.006(r = 0.999).RMS error for all densitieswascalculatedto beless than2% of
the mean density.

Conclusions: Theresults suggestthat breast density canbeaccuratelymeasuredwith dualenergymammography.


