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Purpose: To appr oxim atel y ex pres s f irst order Compton scatter fluence as a
f unction of prim ary flue nce at dete ctor , and to develop a method for scat ter
correction based on the anal ytic al appr oximation.

Methods and mate rial s: From the Kle in - Nish ina formula for the first order
Compton scatter we deriv e an app rox imat e form in which the function
characterizing t he scatt erin g objec t is separated from the known informat ion on
t he imaging syst em, incl udin g th e geometry and the source photon spectrum . Base d
on the strong co rrel atio n betwee n t he unknown 3- D objec t function and its
projection, whic h ca n be measure d, we estimate the first order scatter and t he
primary fluence thro ugh an i tera tiv e sc heme. We use a Catphan phantom to
experimentally measu re prima ry and scatter fluences, as well as simple Monte
Carlo models to dete rmin e pr imar y and any order scatter fluences through
computer simulat ion. These exper ime ntal and Monte Carlo results are utili zed to
validate our ana lyti cal appr oach .

Results: For sim ple obje ct models, our approximation resu lts are within 2% of
r elative error f rom the exac t so lut ion (obtained using the Klein - Ni shina formula
and verified wit h fr om Monte Car lo simu lations). For the Catphan phantom, th e
r elative error i s wi thin 3% betw een the estima ted and experimentally measure d
primary fluences . Tomogr aphi c im age rec onstructions from scatter correcte d
projections show cle arly the adv ant ages of our scatter correction scheme in
i mproving the ac cura cy of CT number s and soft - tissue co ntrast.

Conclusio n: Our analyt i cal scheme can estimate primary and first order scatter
x- ray fluences t o hi gh accur acy wit hout requiring any additional imaging tim e
and dose to the pati ent. It can be empl oyed for scatter correction in a vari ety
x- ray transmissi on i magi ng applications, including cone beam CT at both kV and
MV photon energy ran ges. The cor rec tion process is also computationally
efficient - it re quir es a few seconds of processing time per projection image.


