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Evaluation of Scattering in Cone-Beam Breast
Computed Tomography: A Monte Carlo and

Experimental Phantom Study
Giovanni Mettivier, Paolo Russo, Member, IEEE, Nico Lanconelli, and Sergio Lo Meo

Abstract—In this paper Monte Carlo simulations were per-
formed for X-ray irradiations of breast phantoms of various sizes
such as PMMA cylinders of different diameters and a hemi-el-
lipsoidal PMMA phantom. The aim was the evaluation of the 2D
distribution of primary and scattered photons and Scatter-to-Pri-
mary Ratio (SPR) in projection images in cone-beam breast
Computed Tomography (CT). Irradiation geometry and tech-
nique factors reproduce the experimental conditions used for
validation measurements with a prototype CT breast scanner.
Simulations were performed with GEANT4 software. We varied
the phantom diameter and shape, the X-ray tube voltage and
added filtration. Magnification was 1.31. SPR increases from 0.4
(at 8 cm cylinder diameter) up to 1.5 (14 cm cylinder diameter) at
the centre of the phantom. In the same phantom, SPR has lower
values toward the bases of the cylinder than at its centre. The
scatter component increases by adopting a 50 kVp or higher tube
voltages, up to 80 kVp, and by increasing the added filtration.
Simulated and measured lateral profiles across a 14 cm cylinder
diameter in projection images show a relative deviation of 4%.
Simulations show a different distribution of scatter and SPR in a
14 cm diameter cylinder and 14 cm hemi-ellipsoidal phantom, so
questioning the use of simple cylindrical geometries when simu-
lating the attenuation of the pendant breast for scatter correction
procedures. The strength and the non-uniformity of the SPR
inside the cylindrical phantom decrease as the size of the air gap
between object and detector increases.

Index Terms—Cone-beam breast computed tomography (CT),
Monte Carlo simulations.

I. INTRODUCTION

S EVERAL research groups are working on pendant-geom-
etry Cone-Beam Breast Computed Tomography (CBBCT)

as a new methodology in breast tumor diagnosis [1]–[8]. The
technique is made possible thanks to improvement in flat panel
technology and cone-beam reconstruction algorithms. One of
the principal problem in CBBCT, and in general in Cone-Beam
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Computed Tomography, is the presence of a great scatter frac-
tion in the projection images as a result of the absence of breast
compression and irradiation of the whole organ. This fraction is
usually much larger than the one occurring in X-ray mammog-
raphy with a compressed breast and a low-energy X-ray beam
and significant also with respect to fan-beam Computed Tomog-
raphy (CT), where the cone angle is about ten times lower. The
high Scatter-to-Primary Ratio (SPR) reduces the contrast and in-
creases image artifacts and CT number inaccuracy. Therefore,
the study and the reduction of this component is an important
and actual challenge.

Recently, several studies using both a Monte Carlo (MC) sim-
ulation method [9] or empirical techniques [10]–[12] have been
reported on the evaluation of the SPR as a parameter to quan-
tify scatter in CBBCT. Techniques for scatter reduction include
using air gaps, bow-tie X-ray beam compensator filters [13], an-
tiscatter grids and software correction algorithm or their combi-
nation [14].

In this study, MC simulations of PMMA cylinders of different
diameters and of a realistic PMMA breast phantom are used
to evaluate the 2D scatter distribution in projection images in
CBBCT, with a half cone-beam geometry and technique fac-
tors that reproduce the experimental setup used for validation
measurements. The investigative goal is to analyze the effect of
scattered radiation in CBBCT and to optimize the choice of the
X-ray beam spectrum.

II. MATERIALS AND METHODS

We simulated PMMA cylinders with different diameters
(8, 10, 12, and 14 cm) and 10 cm height and a PMMA breast
phantom shaped as a hemi-ellipsoid of semi-axes 7 cm and 9.5
cm, respectively, on a cylindrical base of 14 cm diameter and
3.5 cm height. Simulations were performed in half cone-beam
irradiation geometry (Fig. 1) at varying X-ray beam energies
(W anode with 80, 70, 60, and 50 kVp) and added filtration (0.1
mm or 0.2 mm Cu) but with the same exposure level of 0.5
air kerma at the isocenter. The average beam energy at 80 kVp
was 51.3 keV for 0.2 mm Cu filtration and 48.6 keV for 0.1 mm
Cu filtration. The total deposited energy (MeV) at the entrance
of the detector was scored in 1 1 equivalent pixels over
a projection area of 24 24 . The GEANT4 code system
(ver. 4.9.0, with the standard transport model and library of
electromagnetic interactions, EMStandard library) was used
to model a CBBCT apparatus with a tungsten anode X-ray
tube with Cu added filtration and a digital imaging detector.
The Standard EM package provides simulation of ionization,
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Fig. 1. Top and lateral view of the half cone-beam geometry, where � and
�� �� � are the fan angle and cone angle, respectively. A cylindrical phantom
and a hemi-ellipsoidal phantom, both of PMMA and 14 cm diameter at their
base, have been imaged. The effect of the presence of a “penumbra” by cone-
beam irradiation of the cylindrical phantoms is illustrated in the text.

Fig. 2. Bench-top prototype for Cone-Beam Breast Computed Tomography de-
veloped at the University and INFN of Naples, Italy. A hemi-ellipsoidal PMMA
phantom is visible at the scanner isocenter, to simulate a pendant breast.

bremsstrahlung and other Electro-Magnetic interactions of par-
ticles with matter. More details about the physics implemented
in the EMStandard library and its application can be found in
[15]–[17].

For the W anode X-ray tube, simulated spectra from Boone’s
TASMIP MC code [18] were used for the 50–80 kVp beams
with 1% ripple. We tallied the photons impinging on the de-
tector area, separating results for primary photons and photons
having undergone scattering within the phantom. For each pixel
the SPR was estimated as the ratio between the energy deposited
by scattered and primary photons.

The MC model was validated with a bench-top apparatus for
X-ray CBBCT (Fig. 2), assembled at the University and INFN
in Napoli for evaluation and for laboratory tests of various opti-
mization techniques for CBBCT [8].

The prototype is characterized by the computer-control of the
X-ray tube (W anode, 35–80 kVp tube voltage range, 0.02–0.25
mA tube current range, continuous output, 1.8 mm Al intrinsic
filtration and Cu added filtration), CsI:Tl CMOS flat panel de-
tector (Hamamatsu C7942CA-02, 12 12 area, 50

Fig. 3. Monte Carlo simulated projection images (total, primary, scatter com-
ponents) and Scatter-to-Primary Ratio (SPR) 2D distribution of 14 cm diameter
PMMA cylinder at 80 kVp and 0.2 mm Cu added filtration, ��� � ��	 


Al. The number of photon histories in the simulation was determined so as to
correspond to an air dose of 0.5 ��� at the scanner isocenter, where the axis of
the cylinder was positioned.

pitch, frame rate up to 9 fps at 4 4 binning), step-motor trans-
lation and rotation stages with eight degrees of freedom, fan-
beam or cone-beam back-projection software [8]. The scanner
works in step-and-shoot as well as in continuous acquisition
mode. All images were processed with the ImageJ public-do-
main software (http://rsbweb.nih.gov/ij/).

CT scans of a homogeneous PMMA cylinder (14 cm diam-
eter, 10 cm height) and of the previously described PMMA
hemi-ellipsoidal phantom were performed with the described
prototype. Experimental results of this set-up (which simulates
the scan of an uncompressed pendant breast) were compared
with MC simulations. Measurements were performed with the
half cone-beam irradiation geometry, at a fixed tube voltage of
80 kVp and with a tube current of 0.25 mA. Phantoms were
placed at the scanner isocenter at a source-to-detector distance
of 50.5 cm and a source-to-object distance of 38.5 cm. System
magnification was 1.31 at the isocenter. To acquire projections
with the same Field of View (FoV) (24 24 ) as in sim-
ulated projections, with the limited area (12 12 ) X-ray
detector, successive horizontal and vertical translations of the
detector were made in the image plane, in a 2 2 mosaic. The
acquisition time per single frame was 60 s and 240 s for a full
projection (24 24 ). Projections were corrected for offset
and gain (flat-field).

Given the tube voltage (80 kVp) and 0.2 mm Cu added
filtration, the tube current (0.25 mA), the tube load (15 mAs),
for each projection we measured a free-air-kerma of 7
at the scanner isocenter. Exposure measurements were per-
formed with a calibrated ionization chamber (in-beam ion
chamber model no. 20X6-6, Radcal Corporation, Monrovia,
CA, USA, sensitive volume 6 , readout by a Radcal mod.
2026C dosemeter). In order to compare measurements with
simulations, the projections were off-line further binned 5 5
to obtain the dimensions (1 1 ) of simulated pixel. With
this ion chamber, Half Value Layer (HVL) measurements were
performed at 80 kVp in good geometry and 99.999% pure Al
filters (0.2 mm Cu added filtration), giving Al.
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Fig. 4. (a) Simulated and measured profiles along the horizontal axis of a 14 cm diameter PMMA cylinder at 80 kVp, 0.2 mm Cu filter, air kerma at ��������� 	

����
 for simulations, 7��
 for measurements. (b) Normalized difference between measured and simulated profiles of data in a) for total �������
���������
projection images, showing a relative variation of 4% (std. dev.). Magnification is 1.31. (c) For the scatter fraction data in a) a parabolic fit through the simulation
data has been performed (bold line), which allows to estimate accurately the scatter contribution both inside and outside the phantom. (d) SPR horizontal distribution
at 80, 60 and 50 kVp, at the center of the cylindrical phantom. The three distributions are almost overlapping.

TABLE I
FITTED GAUSSIAN PARAMETERS � 	 � �����
������� � FOR THE 14 CM

DIAMETER PMMA PHANTOM

III. RESULTS

A. Model Validation

The MC validation was obtained through the comparison be-
tween simulated and measured projections of the same phantom.
An example set of the simulation results with a 14 cm diam-
eter PMMA cylinder at 80 kVp is shown in Figs. 3–5. Fig. 3
shows the simulated primary, scatter and primary plus scatter
(total) components in projection images at 80 kVp and 0.2 mm
Cu added filtration, for a PMMA cylinder of 14 cm diameter.
The SPR 2D distribution is also shown in Fig. 3. Profiles across
a cylinder diameter, in simulated and measured projection at
80 kVp, are reported in Fig. 4(a) after scaling the data for the
different exposures. In Fig. 4(b), a comparison between simu-
lated and measured line profiles is pro-
posed. Fig. 4(c) analyzes the shape of the scatter horizontal
distribution and Fig. 4(d) shows the horizontal profile of the
SPR at 80, 60 and 50 kVp. These profiles have the shape of a
Gaussian distribution, in agreement with the finding reported
in [12]. We fitted these three curves to a Gaussian function:

, and the resulting parameters are listed
in Table I.

Fig. 5. Simulated �������
� ��������, measured and relative difference be-
tween measured and simulated projections of a 14 cm diameter PMMA cylinder
and a 14 cm hemi-ellipsoidal phantom simulating the pendant breast irradiated
at 80 kVp, and 0.2 mm Cu added filtration (��� 	 ����� Al) using the pro-
totype CBBCT scanner. In MC simulations deposited energy is scored in 1� 1
�� pixels.

We observe that the scale factor introduced for data reg-
istration between pixel values (ADU) in acquired images and
pixel values (MeV) in simulated images is ,
which takes into account both the flat panel detection efficiency
and the different exposure levels between simulation and exper-
iment.

Fig. 5 shows the direct comparison between simulated and
acquired images with the CBBCT projections of both phan-
toms (14 cm diameter cylinder and 14 cm diameter hemi-ellip-
soidal PMMA phantom). The phantoms were imaged at 80 kVp
with 0.2 mm Cu added filtration. The corresponding horizontal
and vertical line profiles (defined as in Fig. 6(c)) are shown in
Fig. 6(a) and in Fig. 6(b) for the case of the hemi-ellipsoidal
phantom. The vertical profile is through the central axis of the
phantom from the top (“chest wall”) to the bottom (“nipple”).
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Fig. 6. Simulated and measured profiles along the (a) horizontal (at a distance
of 5 cm from the top base) and (b) vertical central axis of 14 cm diameter
PMMA hemi-ellipsoidal phantom at 80 kVp, 0.2 mm Cu filtration, air kerma
at ��������� 	 
�� ��
 for simulations, 7 ��
 for measurements. (c) Geom-
etry for evaluating the profiles in the phantoms.

B. Scatter Evaluation

Fig. 7 reports the simulated 2D scatter distributions obtained
by varying the X-ray beam energy (80, 70, 60, and 50 kVp),
beam filtration (0.1 mm or 0.2 mm Cu) and PMMA cylinder
diameter (8, 10, 12, 14 cm).

Fig. 8 shows the profiles of the simulated scatter values at 50
kVp (0.1 mm Cu added filtration) along the vertical axis of the
four cylinders (with diameter 8, 10, 12 or 14 cm, respectively).
These profiles are estimated from the images shown in the upper
row in Fig. 7 (the four images on the left). In Fig. 9, an evaluation
of the scatter component within the phantom is presented, for all
the simulated X-ray beams and all the phantom diameters.

C. SPR Evaluation

In Fig. 10, an example of 24 24 2D distribution of SPR
is shown, for the case of the 8 cm diameter PMMA cylinder.

By selecting three different ROIs (A, B, C) in this distribu-
tion as indicated in Fig. 10, it is possible to study the vari-
ation of the mean value inside the ROI as a function of the
cylinder diameter, at various kVp and Cu filter thicknesses. The
30 30 ROIs A, B, C are positioned on the central axis
of the PMMA cylinder, at 20, 60 and 100 mm from the top
surface (“chest wall”), respectively. The results are reported in
Fig. 11(a). (at 8 cm cylinder di-
ameter) up to 1.5 (14 cm cylinder diameter) at the center of the
phantom. SPR (ROIs A and C) has lower values toward the bases
of the cylinder than at its center (ROI B). The SPR data for the
innermost ROI (B) were well fitted by a quadratic function as a
function of the cylinder diameter (Fig. 11(b)).

In the case of the hemi-ellipsoidal phantom, the SPR distribu-
tion at 80 kVp, 0.2 mm Cu, is shown in Fig. 12(b), in comparison
with the analogous distribution for a PMMA cylinder of 14 cm
diameter (Fig. 12(a)).

D. Scatter Distribution

The 2D distributions of the scatter component due to the
different shape of the phantom (cylinder or hemi-ellipsoid)
were also evaluated. In Fig. 13, are shown a planar and surface
rendering visualization of simulated 2D scatter distribution of
14 cm diameter cylinder and 14 cm diameter hemi-ellipsoidal
phantom.

E. Influence of the Air Gap

In all simulations shown previously, the object-to-detector
distance was fixed at 12 cm , which
for a 14 cm diameter phantom placed at the isocenter implies
an air gap of just 5 cm. An increase of the air gap is expected
to be effective in reducing the SPR, in particular on-axis [12],
[19]. In order to investigate the effect of the air gap, we made
another simulation (with source-to-object distance of 40 cm); in
Fig. 14(a) is shown the vertical profile of the SPR (from chest
wall to nipple) as a function of the distance from the axis of
the object (isocenter) to the detector, at 80 kVp for a PMMA
cylinder of 14 cm diameter. The range of distances selected
(10–25 cm) corresponds to air gaps of 3–18 cm between the
phantom and the detector. The corresponding vertical profiles
for the scatter component are shown in Fig. 14(b).

IV. DISCUSSION

The relative deviation between the and
measured profiles reported in Fig. 4(a), is comprised in a range
of (std. dev.) giving indication of a reasonable agreement
between simulated and acquired data. Moreover, from Fig. 4(a)
it is possible to note that the scatter component—determined
over a total span of 24 cm in the image plane across the 14
cm wide phantom—increases toward the central axis of the
phantom and its profile has a parabolic shape (Fig. 4(c)), in
agreement with other studies [11]. A simulated scatter com-
ponent decreasing from the center toward the edges of the
cylindrical phantom has also been reported in [19] at 50 kVp
for a cylindrical breast phantom, at variance with another report
[12] which found decreasing scatter toward the center of a
cylindrical breast phantom of 14 cm diameter.
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Fig. 7. Simulated 2D scatter distributions in 8–14 cm diameter PMMA cylinders as a function of X-ray tube voltage and added Cu filtration. Exposure level is
fixed at 0.5 ��� air kerma at isocenter. Rows refer to varying tube voltages and columns refer to varying phantom diameters.

Fig. 8. Profiles along the vertical axis of the image of the scatter component
simulated for the four diameters PMMA cylinder at 50 kVp and 0.1 mm Cu
added filtration (pictures of the upper row in Fig. 7). The 14 cm diameter plot
shows an increase of the scatter due to the penumbra of the cylinder.

Fig. 9. Scatter component evaluated on ROI B (see Fig. 10) for all the simulated
X-ray beams as a function of the phantom diameter. Here, cylindrical PMMA
phantoms are considered for all the simulations.

The SPR horizontal distribution across the cylindrical PMMA
phantom (Fig. 4(d)) decreases toward the edges of the cylin-
drical phantom, as reported in [18] at 50 kVp and at (40, 60, 80,
100 kVp) in [12], for breast tissue phantoms. Fig. 4(d) also indi-
cates that the SPR distribution is independent of the tube voltage
from 80 kVp to 60 kVp, in agreement with reports in [12].

Fig. 10. Example of a 2D simulated SPR distribution over a 24� 24 �� FOV
(for the 8 cm diameter cylindrical PMMA phantom irradiated with the 50 kVp,
0.2 mm Cu filter beam). Three ROIs are indicated (A, B, C) for quantitative
evaluations. Each ROI covers an area of 30 mm� 30 mm and is located on the
central axis of the phantom. The centers of ROIs A, B, and C are located at a
distance of 20 mm, 60 mm, and 100 mm from the chest wall, respectively.

We note that the SPR values in the present work (
on-axis, 80 kVp, 14 cm diameter PMMA cylinder) are much
higher than those reported for breast tissue phantoms of the
same shape and size ( on-axis, 80 kVp, 14 cm di-
ameter cylinder [12]; on-axis, 50 kVp, 14 cm di-
ameter cylinder [18]). This might result from the differences in
the material and in the irradiation geometry (fan and cone angle,
and particularly, the presence of a larger air gap), with major
influence of the phantom-to-detector distance. For example, re-
ducing the air gap increases the SPR quadratically [18] and ex-
trapolating the data in [18] to the short air gap in the present
work (12 cm isocenter to detector axis, ), we es-
timate on-axis for a breast tissue phantom. Analo-
gous considerations apply with reference to simulations in [12],
where the air gap was 24.5 cm. To illustrate further this point,
Fig. 14(a) indicates a reduction by a factor 2.5 of the maximum
SPR on increasing the object-to-detector distance from 10 cm

to 25 cm . Moreover, the SPR
flattens inside the phantom at increasing object-to-detector dis-
tance, due to the reduction of the scatter component in projection
images at increasing air gap (Fig. 14(b)). At short object-to-de-
tector distances, significant cupping artifacts due to scattering
are predicted in CT scans (and indeed observed [8]) from this
trend: distances of 20–25 cm are effective in reducing the SPR
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Fig. 11. (a) Simulated SPR mean values, inside the ROIs A, B and C as indi-
cated in Fig. 10, as a function of the cylinder diameter of PMMA phantoms, at
different X-ray tube voltages (50, 60, 70, 80 kVp) and 0.2 mm Cu added filtra-
tion. (b) The data for ROI B at all voltages have been fitted with a second order
polynomial.

significantly (e.g., in the case of the Albion scanner at UC Davis,
the isocenter-to-detector distance is 31.5 cm [12]).

Simulations and measurements for a cylindrical and a hemi-
ellipsoidal phantom have been compared in Figs. 5 and 6 (80
kVp, 0.2 mm Cu), respectively, for the primary plus scatter
fields. A close agreement between the two datasets has been
observed: relative differences of 1.7% and 3% with respect to
simulations were measured for the 86 mm wide central part
of the cylindrical and hemi-ellipsoidal phantom, respectively.
The discrepancy between measurements and simulations visible
outside the phantom in Fig. 6 are due to the fact that the mea-
surements originate from flat-field corrected images, at variance
with simulations.

From the qualitative analysis of the image data shown in
Fig. 7, the scatter component is higher at 80 kVp than at 50
kVp and it is higher with 0.2 mm than with 0.1 mm added Cu
filtration. From the profiles reported in Fig. 8, it is possible
to note the presence of a maximum intensity of scattered
energy at the centre of phantom (i.e., at 50 mm height from
the cylinder base, or “chest wall”). Moreover, for the 14 cm

Fig. 12. Comparison of the 2D SPR distribution (surface rendering plots) inside
a PMMA phantom of 14 cm diameter and a cylindrical (a) or a hemi-ellipsoidal
(b) shape, in projections at 80 kVp and 0.2 mm Cu filtration. In both plots, the
phantom base (“chest wall”) is located at � � �.

Fig. 13. Comparison in planar (top images) and surface rendering mode
(bottom images) between the simulated 2D scatter distributions of a 14 cm
diameter PMMA cylinder and a 14 cm diameter base hemi-ellipsoidal phantom
simulating the pendant breast. The phantom base (“chest wall”) is located at
� � �.

phantom diameter the scatter component outside the phantom
( from the chest
wall) is almost comparable with that behind the phantom. This
effect is in some way related to the presence of a “penumbra”
effect due to the reduction of traversed PMMA thickness
(Fig. 1). In Fig. 7, it is indeed more clearly visible for the
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Fig. 14. Smoothed vertical profiles (from the “chest wall” to the “nipple” along
the axis of the phantom) of (a) SPR and (b) scatter component, simulated for a
PMMA cylinder of 14 cm diameter (80 kVp, 0.2 mm Cu). The curves are relative
to varying distances of the phantom axis (isocenter) to the detector plane (10, 15,
20 and 25 cm, respectively). For this simulation, the source-to-object distance
was 40 cm.

thickest phantom (14 cm diameter) and for the less energetic
X-ray beam (50 kVp with 0.1 mm Cu filter).

In Fig. 9, as already noticed, it is confirmed that the more en-
ergetic spectra provide a larger scatter component, with respect
to the 50 kVp X-ray beams.

From the analysis of Figs. 7 and 8 we also note that in-
creasing the diameter of the phantom does not always increase
the amount of scatter produced. Indeed, if we increase the
diameter of the phantom, first the scatter component increases,
then a maximum can be reached (in our case at about 10 cm
diameter), and finally for the thickest phantoms the scatter
component decreases (probably because of self-absorption of
the scattered radiation within the phantom). A similar trend
was also observed by other researchers [9].

The results reported in Fig. 11(a) indicate that the SPR de-
pends on the cylinder diameter and on the axial position in the
phantom, rather than on X-ray tube kilovoltage. From Fig. 11(a),
we note that – (at 8 cm cylinder
diameter) up to 1.5 (14 cm cylinder diameter) at the centre of
the phantom. Fig. 11(b) illustrates the quadratic increase of SPR
vs. diameter, , of the phantom

. SPR (ROIs A and C in Fig. 10) has lower values
toward the two bases of the cylinder than at its centre (ROI B).
It is worth noting that the choice of the X-ray tube kilovoltage

has a minimal impact on the estimated SPR in the energy range
here investigated (50–80 kVp), as already pointed out by other
authors [12].

As regards the phantom geometry, Fig. 12 shows a different
distribution of the SPR in a PMMA cylinder and in a PMMA
hemi-ellipsoidal phantom, at 80 kVp. In this last case, the max-
imum of the SPR occurs closer to the “chest wall” (at a distance
of about 50 mm) than in the case of the cylindrical phantom
(distance of about 60 mm). Moreover, for the hemi-ellipsoidal
geometry the SPR is a rapidly decreasing function of the ver-
tical position in going from the maximum to the “nipple”; its
maximum value is lower than the corresponding
maximum value for a cylindrical phantom of the same diameter

.
From Fig. 13, it is possible to note the presence of two peaks

in the distribution of the scatter component inside the cylindrical
phantom with respect to the single peak of the scatter distri-
bution inside the hemi-ellipsoidal phantom of the same diam-
eter at its base. This feature is due to the “penumbra” effect de-
scribed previously. Hence, the different geometry of the phan-
toms determines a different internal distribution of scatter. For
the cylindrical phantom, this effect is more pronounced for short
object-to-detector distances (Fig. 14(b)).

V. CONCLUSIONS

Using Monte-Carlo methods we have estimated primary,
scatter and scatter-to-primary ratio distributions in 8–14 cm
diameter PMMA cylinders and in a 14 cm diameter hemi-el-
lipsoidal phantom, simulating the average pendant breast, as a
function of X-ray tube voltage and added filtration.

Though an ellipsoidal shape is a better representation of a
pendant breast geometry, a cylindrical phantom was simulated
more extensively in this work, this being the most studied ge-
ometry [12], [19]. The SPR increases from 0.4 (at 8 cm cylinder
diameter) up to 1.5 (14 cm cylinder diameter) at the centre of the
phantom. SPR has lower values at the upper base (0.3–1.2) and
at the lower base (0.3–1.3) of the cylinder, than at its centre.
While the scatter fraction increases from 50 kVp to 80 kVp
and by increasing the added filtration, the SPR does not depend
on the beam quality. Then, the choice of the best beam spec-
trum relies on other parameters (i.e., image quality and patient
dose). The MC investigation of the absorbed dose in a PMMA
phantom as a function of the beam quality will be the subject
of a future work of our group. The simulation data for 80 kVp,
14 cm diameter cylinder, differ from the measured data by less
than 4%. Simulations show that the SPR strength and distribu-
tion inside a cylindrical phantom depend on the extent of the
air gap, with less intense and more uniform SPR for higher air
gaps. Simulations also show a different distribution of scatter
and of SPR in a 14 cm diameter cylinder and 14 cm hemi-el-
lipsoidal phantom. This indicates that it may not be correct to
make imaging scatter corrections using a cylindrical phantom
shape as a realistic breast phantom.
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