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Fig. 6 Completeness of data acquired by each pinhole orbit.
(a) A single circular orbit does not satisfy Tuy’s con-
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Fig. 7 Schematic diagram of our pinhole SPECT system
with two circular orbits of pinhole. A pinhole colli-
mator fitted to a conventional gamma camera is
fixed. Two-orbit projection data are acquired by
rotating stage, which holds an object at 07 (a: verti-
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tion.
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Fig. 9 Reconstructed images of the multiple disk phantom. (a)- Fig. 11 MIP (maximum intensity projection) images of
(c) are coronal slices. (d)-(f) are transverse slices at the PMT._.HMDP accumulated in the bones of a mouse.
level indicated by arrows in coronal slices. (a) and (d) by (a) and (c) were reconstructed by Feldkamp method
Feldkamp method for single-orbit data. (b) and (e) by for single-orbit data. (b) and (d) were reconstructed
conventional 3D-OSEM method for single-orbit data. (c) by two-orbit 3D-OSEM method for two-orbit data.
and (f) by two-orbit 3D-OSEM method for two-orbit (a). (b) Anterior view: (c), (d) Lateral view. Scale bar

data. is 40 mm.
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System design and development of a pinhole SPECT system
for quantitative functional imaging of small animals
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Recently, small animal imaging by pinhole SPECT has been widely investigated by several
researchers. We developed a pinhole SPECT system specially designed for small animal imaging.
The system consists of a rotation unit for a small animal and a SPECT camera attached with a pinhole
collimator. In order to acquire complete data of the projections, the system has two orbits with angles
of 90° and 45° with respect to the object. In this system, the position of the SPECT camera is kept
fixed, and the animal is rotated in order to avoid misalignment of the center of rotation (COR). We
implemented a three dimensional OSEM algorithm for the reconstruction of data acquired by the
system from both the orbitals. A point source experiment revealed no significant COR misalignment
using the proposed system. Experiments with a line phantom clearly indicated that our system
succeeded in minimizing the misalignment of the COR. We performed a study with a rat and **™Tc-
HMDP, an agent for bone scan, and demonstrated a dramatic improvement in the spatial resolution
and uniformity achieved by our system in comparison with the conventional Feldkamp algorithm

with one set of orbital data.

Key words: pinhole SPECT, complete data acquisition, small animal imaging

INTRODUCTION

In vivo IMAGING of physiological functions (e.g., the tissue
blood flow and receptor binding potentials) in small
laboratory animals facilitates the objective assessment of
pharmaceutical development and regenerative therapy in
pre-clinical trials. Micro positron emission tomography
(PET) has been extensively emphasized for achieving
high spatial resolution in the imaging of small animals,
which approaches 1.0 mm.'~* An alternative methodol-
ogy for small animal imaging is micro single photon
emission computed tomography (micro SPECT) in which
a camera is fitted with a pinhole collimator.** Pinhole
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SPECT has low sensitivity as compared with small animal
PET; however, depending on the size of the pinhole, the
spatial resolution achieved by pinhole SPECT can exceed
that of PET. Unlike PET systems, the pinhole SPECT sys-
tem does not require a cyclotron for producing radiophar-
maceuticals, and it has an excellent cost/performance
ratio. Moreover, the half life of radiopharmaceuticals
used for pinhole SPECT is relatively longer than that
used for PET, which is beneficial in investigating slow
pharmacokinetics.

In addition to the lower sensitivity of pinhole SPECT,
the existence of image distortion in the axial direction and
non-uniform spatial resolution in the reconstructed image
for the pinhole SPECT are also areas of concern. One ex-
planation for this non-uniformity is due to incompleteness
of data and use of Feldkamp filtered backprojection (FBP)
algorithm as an approximate 3D FBP.? This non-unifomity
can be suppressed by applying statistical reconstruction
algorithms such as maximum likelihood expectation max-
imization (MLEM)'™!! or ordered subsets expectation maxi-
mization (OSEM),'? but in the periphering of FOV, the

Technical Notes 245



image is blurred.™"* This non-uniformity of the image
resolution often hampers further quantitative analysis.
Tuy showed that in order to obtain a strict three-dimen-
sional (3D) tomogram in cone-beam CT. the following
gecometric condition should be fulfilled: “all the planes
that cross an object cross the axis of the X-ray source,” 13
Tuy’s condition can be adapted to pinhole SPECT. The
conventional pinhole SPECT with one circular orbit does
not fulfill this condition. Kudo and Saito suggested ¢x-

amples of orbits that can satisfy Tuy’s condition: use of

two circular orbits, a spiral orbit. or a single circular orbit
in conjunction with a straight line.'*"'® By satisfying
Tuy’s condition. Zeniya et al. demonstrated an improve-
ment in the uniformity of the spatial resolution of pinhole
SPECT by using two circular orbits with angles of 90° and
45° with respect to the object.!” However. they did not
present details of a system configuration including hard-
ware and software. In this paper. we focused on the
detailed descriptions of system (hardware as well as
software) which is able to properly acquire data from two
circular orbits.

MATERIALS AND METHODS

Svstem configuration

The misalignment of the center of rotation (COR) could
be more critical for data acquisition with two orbits as
compared with a single orbital system. Therefore, in the
proposed system. the detector and collimator were fixed.
and the small animal was rotated. The outline of the
system and the data flowchart are shown in Figure 1. This
system consists of a rotation unit (RU). rotation unit
control board (RU controller). pinhole collimator, and
SPECT camera.

Rotation unit (RU)
A small animal was rotated on the RU (Fig. 2), which
consisted of a base-board and a rotating stage. The rotat-
ing stage was driven by astepping motor (SGSP-120Y AW-
67, Sigma Company. Tokyo, Japan) with a COR accuracy
of 20 pm. As shown in Figure 2, the small animal can be
fixed in the direction of either 90° or 45°. The axes of the
two directions intersect each other. and the distances
between the intersection point and each base are equal (T1
= T2). In order to perform data acquisition with two
circular orbits. the intersection point must coincide with
the COR of the pinhole detector. i.e.. the line perpendicu-
lar 1o the detector center should cross the intersection
point, as shown in Figure 2. An adjustment implement
(Fig. 3) was utilized to achieve this. The implement was
designed to position a radioactive point source at the
COR. Then. the COR was adjusted by acquiring data with
the point source for various angle directions.

The rat holder was prepared such that the femoral parts
and tail of the rat would lie out of the holder (Fig. 4). It was
fabricated from 0.5 mm-thick vinyl chloride.
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Controlpad D

ignal 1
RU cortroller B Shlio soll

SPECT camera c
signal 1o trigger data acquisition | and pinhole collimator

Fig. 1 Upper: Overview of the proposed pinhole SPECT system
for small animals, Lower: Schematic diagram of the system. (A)
rotation unit (RU), (B) RU controller, (C) SPECT camera and
pinhole collimator. and (D) control pad.

A B

o o 90 degrees

45 degrees

Fig. 2 Cross section of the rotation unit (A) and schematic views
of the 90° orbit (B) and 457 orbit (C).

RU controller

In order to control the RU. a general-purpose controller
(Mark202. Sigma Company, Tokyo. Japan) was em-
ployed. The RU controller could control the starting point
of the stepping motor. rotation direction. step angle. and
speed of rotation using a control pad. The minimum
amount of movements per pulse was (.01° and the maxi-
mum speed of movement was 100°/s.

Pinhole collimator

The pinhole collimator (NDCL709A. Toshiba. Tokyo.
Japan) used had a wungsten knife-edge head. which was
replaceable. The available hole sizes were (.25 mm. 0.5
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mm. | mm. 2 mm. and 4.8 mm. The pinhole had an open
angle of 60°, and the distance between the pinhole center
and the detector surface was 251 mm. The diameter of the
bottom of the collimator was 288 mm.

SPECT camera

A clinically used SPECT camera (GCA-7100A. Toshiba.
Tokyo. Japan) with one detector was used. As shown in
Figure 1. the camera stayed in one position during data
acquisition. The acquired projection data had a matrix of
size 128 x 128, and the pixel size 4.3 x 4.3 mm”,

In order to enable data acquisition with the proposed
system, the software installed in GCA-7100A was moditied
to receive a signal from the RU controller. A signal was
sent 1o the RU to begin rotation with a particular stepping
angle. After that rotation, a trigger signal was sent 1o
GCA-7100A to acquire the projection data (See Fig. 1).
The above process was repeated until the RU completed
360° rotation.

Image reconstruction

We developed a 3D OSEM algorithm for reconstructing
the projection data-set acquired with two different circu-
lar orbits." Figure 5 describes the coordinates for the 3D
reconstruction with the proposed pinhole SPECT system
based on two circular orbits, which are defined as (x, v, 2).
(v, v, 2, and (¢, ¥". 2"). The radioactivity concentration
of the object is expressed within a fixed (x, y. 2) system as
fix. v. 2). The second coordinate system (x', v'. =') repre-
sents the tilt of the (x, v, 2} system about the y axis with an
oblique angle of ¢. The third coordinate system (x", y", 2")
is a rotational coordinate system where (x', ', Z') rotates
around the = axis with an angle €. The tilt of (x, y. z) by the
angle ¢ produces the following transformations:

X X cos¢ 0 sing
vVi|l=Ri |y [|.Ri= 0 | 0 (n
Z z —-sin¢gp 0 cos ¢

Similar to Eq. (1), which represents the transformation
between the (x. v, 2) and (x'. ¥', 2') coordinates., the
following equation expresses that between the (x, v, 2) and
(x",¥", 2") coordinates:

" '

X X X cos B —sin 6 0
Y0 =Ry | =RRi | v |.R2=|sin@ cosf 0
- v z 0 0 1

(2)

In casc of ¢=0. the geometry of the system equals that of
conventional pinhole SPECT with one circular orbit.”?!
Therefore, for reconstruction with an oblique orbit, a
procedure similar to conventional pinhole SPECT can be
applied using Eq. 2. The source voxel (xf. v/, z[') is
projected toward the detector thorough the pinhole colli-
mation of the oblique circular orbit. as shown in Figure 6.
We denote the detector plane and a plane parallel to it that
includes the source voxel as Plane | and Planc 2. respec-
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R = =

z

Fig. 3 Adjustment implement to position the point source at the
COR of both orbits.

Fig. 4 Rat holder fabricated from 0.5 mm-thick vinyl chloride.

tively. The source point (¢, t-) = (x{, z{') on Plane 2 is the
projected point (d\. ) on Plane 1. This relationship can be
expressed as

-

d, = -tfifa (3)
d-==tfilu

where f; is the distance between the pinhole and the
detector plane (focal length) and « is the distance between
the pinhole and the plane parallel to the detector plane that
includes the source point. The distance « can be expressed
as
a={(h=x/)sin 8+ (h.-vy/)cos 8 4)

where (f1,, hy, ho) = (r sin B, r cos 6, 0) is the pinhole
position translated by the rotation #on the oblique circular
orbit with radius of rotation 7. We employed the MLEM 1!
reconstruction algorithm for this pinhole geometry. The
MLEM update for a two-orbit system can be expressed as

Technical Notes 247



2 W
Aoy —3 3
2 =
= S
=1i=

Vi Chg

1=l on 54

where. as shown in Figure 5. A; is the value of the image
voxel j for the &-th iteration, vy is the measured value of the
projection pixel i for the (~th orbit. and ¢y, is the probability
of detecting a photen originating from image voxel j at
projection pixel i for the /-th orbit.

Here. we used an OS scheme ' 1o reduce the number of
iterations. Subsets were evenly divided from both orbits
for the OS scheme. A 3D voxel-driven projector using
bilinear interpolation on the detector plane was employed
in both forward- and back-projections. While back-pro-
jecting, the projection data from different orbits were
transformed into the same coordinate and combined in the
reconstructed 3D matrix space. The software was imple-
mented on a 2.4-GHz PC with Xeon CPU and 1 GB of
physical memory. running on a Linux operating system
(version 2.4.18).

Experiment with a point source
In order to validate whether the projection data from two
orbits were correctly acquired. we performed an experi-
ment using a radioactive point source. A point source of
about 1.4 mCi/m/ of " TcO4~ was positioned at the COR
using the adjustment implement (Fig. 3). A pinhole insert
with a diameter of 4.8 mm was employed, and the distance
between the pinhole center and point source was 39.5 mm.
Projection data were acquired for 120 angular views in
steps of 3°. The acquisition time for each step was 15 s,
Three images were reconstructed from the projection data
with the 907 orbit, 457 orbil. and both the orbits using the
3D OSEM algorithm (2 iterations and 8 subsets). The
matrix size of the image was 128 x 128 x 128 and the voxel
size was .76 x (.76 x 0.76 mm* (zooming factor of 6.35).
Since the point source was positioned at the center of
both the 90° and 45° orbits. its positions in the three
images should be identical. The 3D position of the point
source in cach image was estimated by calculating the
image center of gravity, and the estimated positions in the
three images were compared.

Experiment with a line source

As described above. the misalignment of the COR could
be problematic especially for two orbit data acquisition,
Thus. in our system. the camera was kept lixed while the
target object was rotated. For evaluating the misalignment
of the COR for our system as well as the conventional
system. experiments were performed using a line source
phantom with an inner diameter of 1.14 mm. The phantom
was filled with about 4.0 mCi of """ TcO,~ solution. The
phantom was carefully placed at the center in one projec-
tion view. First, the pinhole detector was rotated around
the phantom with a rotation radius of 9 mm. Next. the
phantom was rotated on the rotating stage. In both cases.
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Fig. 5 Coordinate system of obligue circular orbits in pinhole
SPECT with two circular orbits.

Plane 1 .
tDetector plane) 7
<

Object’s axis
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%,

Obligue urbit
s

Projected point

Fig. 6 Pinhole geometry for oblique orbit in pinhole SPECT
with two circular orbits.

a pinhole with a diameter of’ | mm was used. and data were
acquired from 120 angular views (3°/view). The data by
both systems were reconstructed using the 3D OSEM
algorithm.

Animal experiment

In order to demonstrate the reconstructed image by our
system. a study was performed with a rat (SD rat: body
weight: 150 g) and “™Tc-HMDP, an agent for bone
scanning. " Tc-HMDP was also accumulated in the
bladder of the rat. Therefore. to eliminate the effect of
radioactivity in the bladder. both kidneys of the rat were
removed before " Te-HMDP (185 MBg/m/) was intra-
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Table 1 Results of the experiment with a point source
Estimated position of the point source in the image
X (mm) ¥y (mm) z(mm)
907 orbit 0.0505 0.0511 0.0137
45° orbit 0.0464 0.0426 0.0290
both orbits 0.0643 0.0504 0.0165

(@) (b)

Fig. 7 Results of the experiments with the line source phantom.
(a) Sinogram data measured by the conventional system (rotat-
ing the camera), (¢) image reconstructed by the conventional
system. (b) sinogram data measured by the proposed system
(rotating the object), and (d) image reconstructed by the pro-
posed system.

venously injected. The rat was set on the rotation unit of

90° orbit and data acquisition using the proposed system
was begun 1 h after the injection. The rotation radius was
85 mm, and data were acquired from 120 angular views
(3°/view) for 40 min. Subscquently. the rat was set on the
rotation unit of the 45% orbit and data were acquired for
40 min. The energy window was 140 keV = 10%. The
diameter of the pinhole insert was | mm. The acquired
data were sent to the PC for reconstruction using the 3D
OSEM algorithm with two iterations and eight subsets.
For comparison, the conventional filtered backprojection
algorithm (the Feldkamp FBP algorithm)” was employed
to reconstruct the image using the data acquired from the
90° orbit. No correction for attenuation of photons or
scattered rays was made in any of the processes.

RESULTS

Experiment with a poinl source

Table [ lists the estimated positions of the point source in
the three reconstructed images. These three point-source
positions were almost at the center (the distance from the
center was 0.083 mm at maximum) and were close in
value. This indicates a sufficient accuracy of intersection

of the two axes and the pinhole center.

Vol. 20. No. 3, 2006

One orbit - Feldkamp FBP algorithm

(a) Anterior view (b) Lateral view

Two orbits - 3D OSEM algorithm

(c) Anterior view

(d) Lateral view

Fig. 8 Representative images of rat bone scintigrams by """ Te-
HMDP. The images of (a) and (b) were reconstructed using the
Feldkamp FBP algorithm with data from the 907 orbit. The
images of (¢) and (d) were reconstructed using the 3D OSEM
with two orbital data. All images were generated by the maxi-
mum intensity projection (MIP) method.

Experiment with a line source

Figure 7 shows the results of the experiments with a line
source phantom. Misalignment of the COR was clearly
observed when the camera was rotated. This results in an
artifact on the reconstructed image (Fig. 7 (c¢)). On the
other hand, no obvious artifact was observed when our
system was used.

Animal experiment
[.."
images ol the rat with "™ Tc-HMDP obtained using the
Feldkamp FBP algorithm with one set of orbital data and
the 3D OSEM with two orbilal data. The artifact of the
image was significantly reduced, and a thin rib was clearly

gure 8 shows the maximum intensity projection (MIP)

observed when data from two orbitals were used.
DISCUSSION

In this paper, we present the pinhole SPECT system for
imaging small animals using data from two orbits. In the
proposed system. the position of the detector is kept fixed
while the target object is rotated.”> As compared with the
conventional system with one orbit, our system requires a
more accurate adjustment of the COR. The experiments
with the point and line sources indicated that our system
achieved sufficient accuracy in adjusting the COR of the
two orbits. This result was apparent in the bone scan with
a ral. Image distortion and axial blurring observed in the
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one orbital system were greatly improved in the proposed
system with two orbits.

Metzler et al. proposed the use of a helical scan system
in order to acquire complete data by pinhole SPECT.? In
the helical scan, sensitivity may be hampered when the
pinhole moves across the target object. On the other hand.
the sensitivity of our system is not affected since the
object is positioned at the center of the field-of-view.

The system proposed in this paper is still in the proto-
type stage, and in order 1o acquire data from two orbits, the
object must be moved {rom one orbit to the other. We plan
to build a system with multiple pinhole detectors in order
to increase the sensitivity.

Our final goal is to develop a system that achieves
quantitative functional imaging of small animals. Al-
though the image quality achieved by the proposed sys-
tem has dramatically improved, several issues have yet to
be considered for quantification. Penetrated photons at the
collimator and photons scattered from the object as well
as the collimator will degrade the image quality and
quantity.2* It is also important to consider the sensitivity
compensation of the pinhole collimator when recon-
structing an image.?® In order to achieve a quantitative
functional image using the proposed system these issues
should be rectified in the future.

CONCLUSION

We developed a pinhole SPECT system for the imaging of
small animals. The proposed system consists of two axes
so that complete data are acquired. Image uniformity was
dramatically improved by our system. This system will
provide accurate quantitative information on the biologi-
cal functions of small animals.
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Comparison of multi-ray and point-spread function based
resolution recovery methods in pinhole SPECT reconstruction
Antti Sohlberg®®, Hiroshi Watabe? Tsutomu Zeniya® and Hidehiro lida®

Background and objectives Statistical reconstruction
methods allow resolution recovery in tomographic
reconstruction. Even though resolution recovery has the
potential to improve overall image quality, pinhole SPECT
images are still often reconstructed using simplified
models of the acquisition geometry in order to reduce
reconstruction time. This paper investigates the benefits
of two resolution recovery methods, multi-ray and
point-spread function based, in pinhole SPECT by com-
paring them to uncorrected reconstruction.

Methods Resolution recovery was incorporated into
ordered subsets expectation maximization reconstruction
algorithm. The first of the correction methods used a
simple but very fast muiltiple projection ray approach,
whereas the second, much slower, methed modelled the

reconstructions without it. The method based on the
point-spread function performed slightly better, but was

almost S0 times slower than the much simpler multi-ray

approach.

Conclusion The multiple projection ray approach is a
promising method for very fast and easy resolution
recovery in pinhole SPECT. It has a profound effect
on image quality and can markedly improve the
resolution-sensitivity trade-off. Nue! Med Commun
27:823-827 © 2006 Lippincott Williams & Wilkins.
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acquisition geometry more accurately using.the analytical .. "Department of Clinical Physiology & Nuclear Medicine, Kuopio University. .

-point-spread-function-of the pinhole collimator.-Line

source, Jaszczak and contrast phantom studies were
performed and used for comparison.

Results Resolution recovery improved resolution, contrast
and visual quality of the images when compared to

Introduction

The usc of pinhole single photon emission computed
tomography (SPECT) in clinical practice has been
limited to small and superficial targets such as the
thyroid {1] and joints [2] due to the reduced ficld of
view. Recently, there has been renewed interest in
pinhole SPECT, because it cnables small animal imaging,
where a small field of view is not a scrious problem [3-7].
The attractiveness of small animal pinhole SPECT ariscs
from the fact that it can be performed without any
dedicated hardware using only a conventional gamma
camera, whereas small animal PET; for ¢example, requires
an imaging device suitable only for laboratory animals [8].

‘I'he quality of SPECT is degraded by three main factors:
attenuation, scatter and collimator blurring of which
attenuation and scacter arc less pronounced in small
animal pinhole SPECT [9]. The collimator blurring
reduces spatial resolution and forces the use of small
diameter pinhole apertures at the cost of severcly
reduced sensitivity, which is the most important draw-
back of small animal pinhole SPECT. The sensitivity of
pinhole SPECT can be increased by using multi-pinhole
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collimators [10], but this requircs modifications to the
standard clinical imaging equipment and is not widely
applied. One solution to the poor sensitivity problem
might be the use of statistical reconstruction methods
such as the maximum likelihood expectation maximiza-
tion (ML-EM) [11] or the ordered subsets expectation
maximization (OS-EM) algorithms [12]. ML-EM and
OS-EM can partly recover the loss in resolution caused by
collimator blurring by incorporating a model of the
acquisition gcometry into the algorithm and might
therefore allow the use of larger diameter pinhole
apertures. Recovery of resolution has been shown to
improve the quality of conventional SPECT imaging
[13,14], but is not vet commonly uscd in small animal
pinhole SPECT.

The biggest problem in incorporating resolution recovery
in pinholec SPECT reconstruction is the large increase in
computational burden. The calculation of point-spread
function (PSF) look-up tables can take hours and might
require scveral gigabvies of storage space. The fast
resolution recovery methods such as the slice-to-slice
blurring [15] often used in parallel-beam SPECT are not
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very straightforward to extend for pinhole SPECT either
due t converging nature of pinhole collimation. To
overcome computational problems a relatively simple
resolution recovery method for pinhole SPECT was
recently presented [16). This method is based on the

use of multi-ray projections, where 7 or 21 projection rays, .

which intersect the pinhole aperture in a predetermined
pattcrn, are uscd instead of a single ray going through the
pinhole centre. ‘The aim of this work is to compare the
multi-ray projection approach to a method with a2 more
accurate mode] of the acquisition geometry.

Materials and methods

Implementation of the algorithms

The MIL-EM algorithie, can be presented as
) 2 {d)

’-H-l =2\ I L
-0 Zdip(/',rl) 2,,:” @) S o @)
/4

(n
where 4(4) is the number of counts emitted from image
voxel &, £ is the number of iteration, p(bd) is the
probability that the emission in voxcl # is dctected in
detector bin 4, and #” (d/) is the measured projection count

——e-——in-deteetor- bin-7. The ML-EM algorithm-updates the

—current image cstimate using forward projection,
Yool ),
¥

and back-projection,
by =
Z{p oW N P)

I'4

opcrations. In this study three different reconstruction
algorithms based on ML-EM and accelerated using the
ordered subscts approach were implemented. The first
method (OS-EM,orx) uscd a simple ray-driven forward
projector/voxel-driven back-projector pair assuming zcro
pinhole diameter. “The second algorithm (OS-EMpayri)

Fig. 1

was implemented using ray-driven forward projection
with seven projection rays and voxcl-driven back-projec-
tor with a single ray. The seven projection rays
intersected the pinhole aperture in a hexagonal pattern
modelling the effect of the finite pinhole aperture
diameter by inverse cone of rays {16]. The third method
(OS-EMpmp) incorporated analytical pinhole collimator
point-spread functions into the reconstruction algorichm.
I'he PSFs were calculated according to Metzlereral. [17]
and stored into hard disk prior to reconstruction in
contrast to approach used by the first and second method
where the forward projection and back-projection were
calculated on-the-fly during the reconstruction.

Phantom studies

‘I'he phantom studies were performed using a Toshiba
GCA-7200A (Toshiba, Japan) gamma camera equipped with
a 251 mm focal length pinhole collimator (0.5, 1.0 and
20mm pinhole apertures specially fabricated for small
animal studies). Three phantoms were imaged. The line
source phantom consisted of a line source holder and single
line source filled with 5 MBq of 9™ Te and placed accurately
on the axis of rotation. "The resolution was measured as full

- width-at -half-maximum-of-horizontalprofile taken at.the .
.._central slice of the phantom. The_ Jaszczak phantom had

four sectors with 1.0, 1.5, 2.0 and 2.5mm diameter rods
scparated by a distance twice the rod diameter (Fig. 1). The
Jaszczak phantom was filled with 52 MBq of P™Tc and used
to assess the image quality visually. The contrast phantom
consisted of eight rods (2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 and
9.0mm diameter) and a large background compartment
(Fig. 1). The rods were filled with an approximately five
times higher concentration of ™% than the background.
The total activity in the phantom was 780MBg. The
contrast for cach rod was calculated as
C = —————Im _ Ibg (7)
fog + Ibg

One slice of the Jaszczak phantom (on the left) and contrast phantom {on the right). The phantoms had outer diameter and height of 50 mm. The

diameters of the rods are marked on the phantoms.




