Correction of scatter in computed tomography images of bone
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A cylindrical aluminum/Plexiglas phantom representing trabecular bone surrounded by various
amounts of cortical bone was constructed. Measurements of this phantom using a computed
tomography scanner with a '*°I photon source demonstrated errors of 0% to 28% in the density
of trabecular bone. Two contributing factors are identified: scatter and exponential edge-gradient
effect. A simple first-order correction is developed to correct for the scatter-induced error.
Relative to the exponential edge-gradient effect, which contributes up to 3.4% error over the
range of cortical thicknesses measured, the correction procedure reduces the scatter-induced
error to alevel of — 0.66% to + 0.61%. The consistency of the optimized correction parameters
with the physical model as well as the effect of scatter measured by the same phantom on a

GE 8800 scanner are shown.
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I. INTRODUCTION

In calculating projection values in computed tomography
(CT) images it is assumed that photons are removed from
the measured beam after their first interaction with material
in the beam path. This results in a linear density scale (e.g.,
Hounsfield units) proportional to the coefficients of linear
attenuation in the reconstructed image. However, coherent
and incoherent scattering changes the pathway of some pho-
tons, and these may scatter into neighboring detectors. The
fraction of scattered photons seen by a detector depends
upon the energy of the incident beam, the type of material in
the beam path, the detector’s energy-selection capability,
and the collimation geometry of both source and detector.
Beam energy and object composition are largely fixed, and
energy selection and collimators can be optimized for a par-
ticular system. This led to the fact that most published data
about scatter assume a round water phantom,'= and pro-
posed scatter corrections are independent of the measure-
ment object.** However, whereas detected scattered pho-
tons might degrade the visual impression of the final image
only minimally, particularly if density varies little in the
measured cross section, inhomogeneities of high density
(e.g., bone) produce streaks. Large inhomogeneities alter
the reconstructed values inside the high-density structure
and in neighboring low-density areas. Although streaks can
be minimized with corrections that take scatter as a constant
fraction of the unattenuated photon intensity into ac-
count,*’ quantitative analysis of the values still reveals er-
rors of several percent.

The author’s current objective is the quantitative assess-
ment of trabecular bone density. Several investigators have
addressed the problem of accuracy in single- and dual-ener-
gy CT measurements in the spine, predominantly in the con-
text of variable fat content of the bone marrow.*® In the
present study, the influence of variation in the amount of
surrounding cortical bone on the measured density values of
trabecular bone is investigated. Two contributing factors,
photon scattering and exponential edge-gradient (EEG) ef-
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fect, are identified, and a correction method for the error
produced by scatter is developed and tested.

Il. EXPERIMENTS

Variation in the amount of cortical bone was simulated in
a phantom consisting of a Plexiglas cylinder with an alumi-
num insert of five wall thicknesses (Fig. 1). The outer space
was filled with water, representing soft tissue, and the inner
space with a solution of K,HPO, in water (150 mg/ml) to
simulate trabecular bone with marrow.

The phantom was measured at each wall thickness on a
y-CT scanner (Fig. 2) that uses a '*°I source with an average
energy of about 29 keV.® The measurement for an alumi-
num-wall thickness of zero was carried out with an insert of
Plexiglas with 0.3 mm wall thickness. The region of interest
for averaging trabecular bone values was a central circle,
14.4-mm diameter, sufficiently distant from the inner alumi-
num edge to avoid its direct influence on the CT values. For
these measurements, our normal analytical beam hardening
correction was performed. This involves the measurement of
about 20 sandwiched plates of 5.8 mm Plexiglas and 0.8 mm
aluminum. The measured projection values (natural log of
count rate through air divided by count rate through stack of
plates) are plotted as y values against the number of plates in
each stack as x values. A second degree polynomial is fitted
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FIG. 1. Section through the cylindrical phantom used to demonstrate the
influence of scatter on the reconstructed value of a solution of 150 mg/ml
K,HPO, in water. Dimensions in mm.
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