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Abstract. Compared with other tomographic modalities,
single-photon emission tomography (SPET), the most
widely used tomographic modality in nuclear medicine,
suffers from poor quality image since the collimator
stops 99.99% of the emitted gamma rays reaching the
detector. This paper describes a new SPET acquisition
modality using a very short focal length (12.5 cm) fan-
beam collimator and a very short transverse field of view
detector (25 cm). The detector moves along at least two
linear orthogonal orbits in such a way that the focal line
travels through the source target. This linear orbit acqui-
sition (LOrA) generates linograms forming a complete
set of tomographic data, i.e. sufficient to exactly recon-
struct the activity map using a modified filtered back-
projection algorithm. In contrast to the classical fan-
beam tomography, truncation is not a problem, even
when the source transverse size is much larger than the
detector transverse size. When the collimator hole
length/diameter ratio is adapted to obtain a spatial reso-
lution similar to that of classical SPET, LOrA SPET of-
fers an improvement in sensitivity by a factor of about
2.5 for a 20-cm source size. This improvement is
achieved with a detector that is half as large, and thus
half as expensive. As with classical fan-beam SPET, the
sensitivity increases further if the target size decreases.
When fitting the collimator to obtain a similar sensitivity
to that of classical SPET, a significant improvement in
spatial resolution is obtained.
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Introduction

The introduction of the tomographic technique in medi-
cine (CT scan, MRI, SPET, PET) represented a great im-
provement in that it allowed the non-invasive study of
regional morphology/metabolism. Compared with the
other tomographic modalities, SPET suffers from poor
image quality. The collimator stops about 99.99% of the
gamma rays reaching the detector; this leads to a poor
signal to noise ratio in conjunction with a poor spatial
resolution [1]. Using parallel-hole collimators, modifica-
tion of the hole length or hole diameter in order to im-
prove one of these properties is always to the detriment
of the other one.

In an attempt to improve the SPET sensitivity-resolu-
tion combination, the use of a fan-beam collimator was
proposed [1, 2, 3, 4]: for the same hole feature, i.e. simi-
lar spatial resolution, the fan-beam collimator has a sen-
sitivity which dramatically increases when approaching
the focal line. However, when using the classical tomog-
raphy technique, i.e. planar views acquired along a re-
volving orbit around the patient, the whole activity has
to be included in the collimator acceptance area at each
angle. Failure to do so causes the reconstructed images
to be corrupted by significant truncation artefacts [1, 2].
This necessitates the use of dedicated fan-beam collima-
tors with a long focal length: >40 cm for a brain study
and >60 cm for a general study. In addition the set-up of
the orbit map is very problematic. To avoid truncation,
the target is generally set close to the collimator, where
its characteristics are similar to those of the parallel col-
limator. As a consequence a large majority of nuclear
medicine centres do not use fan-beam collimators in
clinical routine.

In a previous publication [5] we proposed the use of a
novel SPET modality called LOrA (linear orbit acquisi-
tion), which uses a short focal length fan-beam collima-
tor (12.5 cm) for all organ studies without truncation and
positioning problems, and furthermore with the possibili-
ty of setting the target organ on the focal line to increase
the sensitivity. The data are no longer acquired along a
revolving orbit around the patient, but along at least two
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orthogonal linear orbits, resulting in linogram acquisition
rather than a classical sinogram. Edhlom and Herman
originally proposed the use of linogram in tomography
applications [6, 7]. They showed that linogram recon-
struction has better computational features than sinogram
reconstruction. They proposed the uses of linograms for
PET reconstruction with a linear array of detectors and
also an X-ray transmission scanner device, directly pro-
viding linogram acquisition. The goal of the present pa-
per is to show that acquiring linograms in SPET im-
proves the performance of the device acquisition as well.

Surprisingly, the first tomographic device, which was
proposed by Anger in 1966 [8], partially offered these
features. Nevertheless, this system, called longitudinal
tomography, used a rectilinear scanner equipped with a
cone-beam collimator, with movement along one orbit
perpendicular to the transverse plane. This modality did
not allow reconstruction of the activity by replacing the
detected events to their emission positions, as does
SPET. It only generated images by adding events in such
a way that all activities outside of a selected plane ap-
peared blurred. Even though some algorithms [9, 10]
were developed to enhance the contrast, they removed
only a part of the blurred out of focus background and
acted only in limited angle reconstructions, explaining
why the SPET rotating camera superseded this method in
the 1980s.

Materials and methods

Acquisition and reconstruction of linograms in SPET. Using the
classical revolving orbit, different sources included in the collima-
tor acceptance area at each angle φ lead to different complete 
(r, φ) trajectories (top row, Fig. 1). Knowing these trajectories,
called sinograms, one can reconstruct the activity distribution, us-
ing the well-known filtered back-projection (FBP) algorithm for
example [11]. When the sources are not always in the acceptance
collimator area, the (r, φ) trajectories are not complete (bottom
row, Fig. 1). Furthermore, when rotating around the focal line, two
sources placed in opposition versus the focal line project their ac-
tivities at the same crystal position and, thus, have similar (r, φ)
trajectories. In other words, when some activity leaves the colli-
mator acceptance area during the revolution, or when the rotation
axis approaches the focal line, the uncertainties increase, and the
activity distribution can no longer be reconstructed [1, 2].

When the relative collimator-source rotation φ is replaced by a
relative linear shift V, the (r, V) trajectories are always different
and complete for sources located anywhere in front of the collima-
tor (Fig. 2). These trajectories are called linograms and are known
to give better tomographic reconstruction [6, 7], offering replace-
ment of computational expensive back-projection by a series of
fast Fourier transforms and potential improvement in accuracy by
avoidance of interpolation during the reconstruction process.

The straight line integral (Fig. 3) giving the measured activity
Pα (Uα, V, r) from an activity distribution A(x, y), with the colli-
mator perpendicular to the α axis (α=x or α=y), is:

(1)

Fig. 1. Sinograms obtained for point sources using a fan-beam
collimator in classical rotating tomography. r, Crystal transverse
coordinate; φ, rotation angle; rotation orbits are represented in the
camera reference system

Fig. 2. Linograms obtained for point sources using a fan-beam
collimator moving along a linear orbit acquisition (LOrA). r,
Crystal transverse coordinate; V, linear shift; the linear orbit is
represented in the camera reference system

Fig. 3. Acquisition geometry for the projection Px



where λ is the coordinate along the projection line and f is the fan-
beam collimator focal length. The orbit coordinate V is the focal
line shift from the coordinate axis perpendicular to the collimator
(axis x for Px and axis y for Py). Uα is the focal line shift from the
coordinate axis parallel to the collimator (axis y for Px and axis x
for Py). Uα is constant along the linear orbit. r is the transverse co-
ordinate on the detector area.

Using Fourier transforms (see Appendix A), an FBP relation is
obtained which can be used to reconstruct the activity distribution
(throughout the paper, uppercase refers to the function in the real
space, and lowercase to the Fourier transform of the function):

(2)

with:

(3)

where α=x or α=y, and k is the spatial frequency of the linear or-
bit. Thus the activity distribution A is completely known in the
Fourier space using two orthogonal linear orbits if the transverse
detector field of view (FOV) is greater than two times the collima-
tor focal length, independently of the target transverse size, i.e.:

Equation 3 is the ramp filtered linogram. It is to be noted – and it
is the key difference from classical SPET – that the orbit coordi-
nate V (or r) in LOrA plays the role of the detector transverse co-
ordinate r (or φ) in classical SPET. As a consequence, LOrA SPET
should be affected by the detector uniformity in a different way to
classical SPET.

Due to the gamma attenuation, it would be advantageous to
perform the two orthogonal linear orbits along the body side clos-
est to the target organ, or to perform four linear orbits forming a
rectangle when the target is the whole body slice.

Numerical simulations. Two phantoms were simulated:

● A 256×256 pixel map (pixel size 1.5625 mm) of the Jaszczak
de luxe phantom. The numerical simulated projections of the
phantom map were computed in a 128×128 matrix (3.125 mm
pixel size) along the four linear orbits. No attenuation was in-
troduced.

● A 128×128 pixel map (pixel size 4.4 mm) simulating a cardiac
study. The liver activity was 50% of the heart activity. An ef-
fective attenuation (µ=0.11cm–1) was assumed inside an ellipti-
cal contour (44×30 cm). Only the two linear orbits closest to
the heart were used (upper side and left side). The sampling
was 128 bins along the transverse detector coordinate (size
3.125 mm), and the step width was 4.4 mm along the linear or-
bits. The phantom was reconstructed with the whole orbit
length and with the portions of the orbits corresponding to the
heart area.

A shift of the focal versus the axis origin (Uα) is used to fix the
distance from the phantom to the collimator. The collimators were
simulated by an infinitely attenuating plate (no septal penetration
and null thickness) perforated with square holes. The projections
were computed in two dimensions, with the same sensitivity in the
longitudinal direction for both modalities. The crystal PSF was
simulated by a gaussian function of 3.5 mm full-width at half-
maximum (FWHM). Gamma scattering in the phantom medium
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and in the collimator was neglected. No noise was added to the
tomographic projections. The reconstructions were performed in a
256×256 dimension matrix using the classical FBP algorithm [11]
for parallel collimator classical SPET, and using the classical FBP
algorithm [11] after spatial sinogram rebinning [4] for fan-beam
collimator classical SPET. The goal being to compare the acquisi-
tion device performances, the FBP algorithm (Eqs. 2, 3) was used
for LOrA SPET rather than the more powerful and more accurate
method proposed by Edhlom et al. [6, 7]. The final reconstruction
was the summation of the FBP reconstruction of the four couples
of adjacent orthogonal orbits. No noise filter or spatial resolution
recovery filter was used. The hole length (40 mm) and hole diame-
ter (1.8 mm) used in the classical SPET simulations correspond to
a low-energy high-resolution (LEHR) collimator, the most widely
used in SPET. All simulations were performed in one transverse
slice: source distribution, acquired projection, and reconstructed
slice. Simulations with various acquisition pixel sizes and with a
uniformity defect were performed.

Phantom acquisitions. A one-slice (4 mm width) fan-beam colli-
mator with a short focal length (f=13 cm) was built. It was com-
posed of two copper plates (28×3×0.5 cm) separated by 4 mm.
Straight grooves (0.4 mm width, 0.75 mm depth) pointing to the
focal point were made in the two plate sides (28×3cm) facing each
other along a length of 24 cm (the digital tool did not allow pro-
duction of grooves sufficiently slanted to cover the whole collima-
tor length). The distance between the groove centres was 1.9 mm
along the plate side facing the focal point. Lead sheets (0.3 mm
thickness, 5 mm width) were slipped between the two plates along
the grooves. This was the most difficult step in the building pro-
cess: avoiding some small ripples on the lead sheets was a tricky
job. The useful field of view of the collimator was 24×0.4 cm. In
order to compare classical SPET under similar conditions, a paral-
lel collimator was built in the same way, with a distance between
the groove centres of 1.7 mm. The acquisitions were performed
using a GE 400 AC camera (General Electric, Milwaukee, USA),
the collimators being inserted in a lead plate (1 cm thickness)
fixed on the detector (Fig. 4).

In order to avoid use of extremely high activity, a Jaszczak de
luxe phantom reduced to 1.2 cm longitudinal length was built. For
the LOrA acquisition the phantom was screwed on a rotating plate
held by a linear positioning system (500KBS100, Fohrenbach
GmbH). A stepper motor (4H56-9 L0602-A, Nanotec Electronic
GmbH) controlled by a PC plug-in card (SM30, Owis, Staufen

Fig. 4. Acquisition set-up. A, Fan-beam collimator inserted in the
lead shielding; B, parallel-hole collimator; C, linear positioning
system; D, Jaszczak phantom fixed on a rotating plate
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GmbH) was used to draw the positioning system. The phantom
was turned by hand to perform the four linear orbits (0º, 90º, 180º,
270º). The positioning table was set up in relation to the camera
using a rule.

Three acquisitions were performed for each modality: 120, 7.5
and 7.5 min total acquisition time with the phantom filled respec-
tively with 481, 481 and 37 MBq of technetium-99m. For LOrA,
74 planar views (128×128 matrix, 3.125 mm pixel size) were ac-
quired along the four linear orbits (23.125 cm total length,
3.125 mm linear step). For classical tomography, 128 planar views
(128×128 matrix, 3.125 mm pixel size) were acquired along the
360º of the circular orbit (2.8125º angular step). For both modali-
ties the distance between the phantom and the collimator was
1 cm.

A uniform source acquisition (cobalt-57) was used to correct
the classical tomography acquisition for the uniformity defects of
the camera and of the collimator as well. No uniformity correction
was applied for the LOrA acquisition.

A noise-free numerical simulation was performed for both mo-
dalities taking into account a constant attenuation (0.11 cm–1) in-
side the phantom, but neglecting the Compton scattering. Numeri-
cal simulation of Compton scattering requires advanced expertise
in Monte Carlo computation.

The data were reconstructed in a 128×128 matrix (6.25 mm
pixel size) in the same way as for the numerical simulations, i.e.
using an FBP algorithm with no noise filtering and no spatial reso-
lution recovery.

Results

Benefit of acquiring linograms in SPET

One immediate benefit of LOrA SPET is the absence of
any truncation problems, even when the target size is
greater than the camera FOV; this is especially relevant

in SPET, given the difficulties in building large FOV
gamma detectors. Indeed, for the computation of the
ramp filtered linogram (Eqs. 2, 3), Eq. 1 shows that the
orbit range has only to be adapted to the target transverse
size. Thus the target of interest can easily be positioned
in front of the collimator, the linear orbit length being
fitted to the target size (Fig. 5). As a consequence the
LOrA SPET sensitivity increases linearly as the target
size decreases, improving the signal to noise ratio. In-
deed, the number of projections needed to reconstruct
the activity distribution is about the target size divided
by the reconstruction pixel size h.

Numerical simulations

Numerical simulations for the Jaszczak de luxe phantom
clearly showed, for a similar sensitivity, a significant im-
provement in spatial resolution with the LOrA SPET
system in comparison with parallel or even fan-beam
classical tomography: the contrast was higher for all the
sectors (top row, Fig. 6). Furthermore, with classical fan-
beam tomography the target size was limited (dotted
circle, Fig. 6). LOrA SPET showed a light diagonal arte-

Fig. 5. Orbit range needed for LOrA SPET. Vi, Non-null count or-
bit range; Ni, sampling number needed in the linear orbit; h, pixel
size of the reconstruction

Fig. 6. Comparison of transverse slices obtained for the Jaszczak
de luxe phantom by numerical simulation for parallel classical
SPET (left column), fan-beam classical SPET (middle column) and
LOrA SPET (right column). R, classical rotation radius length
measured from the detector surface; hl, collimator hole length
(hole transverse width is 1.8 mm for all collimators), f, fan-beam
collimator focal length measured from the detector surface; S, rel-
ative sensitivity, cts, crystal transverse size (FOV). The dotted
circle (middle column) represents the FOV of the classical fan-
beam SPET. Top row: hl fitted to obtain similar sensitivity. Bottom
row: hl fitted to obtain similar spatial resolution to classical paral-
lel SPET. Uα is used to fix the distance between the collimator and
the phantom edge
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fact outside the phantom. The collimator hole length
(34 mm) used in LOrA simulations to obtain a similar
sensitivity to that achieved by classical SPET was close
to the LEHR hole length (40 mm).

When the hole length (hl) was fitted to obtain a simi-
lar spatial resolution to that of the classical parallel to-
mography, LOrA SPET achieved an improvement in
sensitivity by a factor of about 2.5.

The spatial resolution of LOrA SPET was slightly af-
fected by the gamma detector intrinsic resolution or by
the acquisition pixel size: a very high resolution was pre-

served with an acquisition pixel size of up to 12×12 mm
(Fig. 7).

Numerical simulation showed the lack of sensitivity
of LOrA SPET to camera uniformity defects (Fig. 8).
Even when a 100% uniformity defect was introduced in
the acquisition, no artefact was visible in LOrA SPET,
whereas even a 10% defect resulted in a significant an-
nular artefact in classical SPET.

The simulation of the cardiac study (Fig. 9) showed a
good reconstruction of the heart activity. When only the
heart region was scanned, no significant artefact ap-
peared in the heart map.

Phantom acquisitions

The total number of counts in the projections for the
120-min total acquisition time was 146 Mcounts for
classical tomography and 128 Mcounts for LOrA, giv-
ing a sensitivity ratio of 1.14; this was in good agree-
ment with the figure of 1.09 predicted by the numerical
simulation. For both modalities the highest count rate
acquisition (960 MBqh) showed slightly worse spatial
resolution in the central region of the phantom in com-
parison with the simulations (Fig. 10). Even using the
uniformity correction, classical SPET showed residual
circular artefacts in the central region of the phantom. In
contrast, without any uniformity correction, LOrA re-
constructions were artefact free. For all count rates,
LOrA acquisition clearly showed a better spatial resolu-
tion than classical SPET: this was especially visible in
the fifth sector.

Fig. 7. Comparison of transverse slices obtained by numerical
simulation for parallel classical SPET (left) and LOrA SPET
(right) using various projection pixel sizes. Symbols as defined in
the legend to Fig. 6

Fig. 8. Comparison between LOrA SPET with a 100% uniformity
defect introduced (small arrow), and classical SPET with a 10%
uniformity defect introduced at the same r location (small arrow)

Fig. 9A–E. Simulation of a cardiac study using LOrA SPET with
two orthogonal linear orbits. A, B Linogram corresponding to the
upper and left orbit. C True activity. D Reconstruction of the
whole orbits. E Reconstruction of the orbit range corresponding to
the heart area (black rectangles in A and B). Hole length =34 mm,
hole transverse width =1.8 mm, focal length =12.5 cm, attenuation
=0.11 cm–1
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Discussion

Uniformity

The surprising very low sensitivity of linogram acquisi-
tion in SPET to camera uniformity defects resulted from
the permutation of the coordinates along the orbit and
the detector between LOrA and classical SPET. Mathe-
matically, in LOrA (or classical) SPET, the reconstruc-
tion process corresponds to a ramp filtering on the coor-
dinate V (or r) in the Fourier space followed by an aver-
age on the coordinate r (or φ). Thus the camera uniformi-
ty defects that alter the sinogram and linogram on a spe-
cific coordinate r are smoothed in LOrA SPET rather
than being magnified, as in classical SPET. Indeed, in-
troducing a linogram with activity independent of the co-
ordinate V in LOrA FBP (Eqs. 2, 3) gives no activity in
the reconstructed transverse slice. The intuitive explana-
tion for this benefit is that a uniformity defect always oc-
curs at the same location r in the projections. This corre-
sponds to the acquisition of a source located at an infi-
nite distance from the collimator in LOrA SPET (bottom
left, Fig. 11), and thus outside the reconstructed region,
rather than to an annular source centred on the rotation
axis, as in classical SPET (top left, Fig. 11). The residual
ring artefacts in classical SPET acquisition (Fig. 10)
were probably due to the different properties of the
system for 99mTc and for 57Co used to construct the uni-
formity correction table.

Sensitivity and spatial resolution

The absence of Compton scattering in the simulation
could explain why, for both modalities, the spatial reso-
lution of the acquisition was slightly worse in the centre

of the phantom in comparison with the simulations
(Fig. 10).

It is to be noted that, for a source size comparable to
the transverse detector FOV, LOrA SPET had a slightly
lower sensitivity than classical parallel SPET using a
similar collimator hole length and diameter (Figs. 6, 10).
Indeed, if some region of the source irradiated the whole
detector, typically half of the source was outside the fan-
beam collimator acceptance angle (see Appendix B). For
this similar sensitivity, the tomographic spatial resolution
was much better than with classical SPET. When the
hole length was reduced to achieve a tomographic reso-
lution similar to that of classical SPET, a good improve-
ment in sensitivity was obtained. The improvement in
sensitivity would be still more pronounced for smaller
targets not surrounded by significant activity, as in stud-
ies of the brain, thyroid or lumbar spine. In theory, the
area containing the whole activity in the slice has to be
scanned to avoid truncation artefacts. This could reduce
the improvement in sensitivity. Nevertheless, when there
was a vertical separation between the target and the ac-
tivity of no interest, the simulations (Fig. 9) showed that
no significant artefact was induced in the scanned area.
This was due to the fact that in the linogram from the up-
per orbit (Fig. 9A), the two activities were well separat-
ed. In the left vertical orbit (Fig. 9B) the attenuation re-
duced the gamma rays emitted from the region farther
than the target.

Although it was not possible to find an analytical for-
mula describing the spatial resolution, there were at least
three qualitative reasons for this improvement in spatial
resolution for similar collimator hole features:

● The location of the target around the focal line, in
conjunction with the short focal length of the fan-

Fig. 10. Comparison between classical SPET (top row) and LOrA
SPET (bottom row) for a noise-free simulation and three different
count rates. The sensitivity ratio was 1.14 in favour of classical
SPET. The collimator focal length was 13 cm for a transverse col-
limator FOV of 24 cm. The hole length was 3 cm for both modali-
ties. The hole transverse width was 1.7 mm for classical SPET,
and 1.9 mm for LOrA. The hole longitudinal width was 4 mm for
both modalities

Fig. 11. Sinogram and linogram artefact induced by a localised
uniformity defect (column 2). Source activity distribution giving
acquired sinogram and linogram similar to a uniformity defect
(column 1). Transverse artefact induced after reconstruction (col-
umn 3)



beam collimator, induced a huge magnification of the
target details on the detector area. As a consequence,
unlike with classical SPET, the spatial resolution of
LOrA SPET is not affected by the limited spatial res-
olution of the NaI crystal (3.5 mm).

● For similar collimator hole length l and diameter d the
spatial resolution of fan-beam collimator of focal
length f is improved by a factor 1–l/(2(f+l)) ([12],
p. 413) in comparison with a parallel-hole collimator.
For f=12.5 cm and l=4 cm, used in the numerical sim-
ulation (Fig. 6), the improvement is about 1.14.

● In comparison with classical SPET, for a similar spa-
tial resolution of the camera (collimator and crystal)
in the object plane, the nature of the LOrA SPET pro-
cess itself reduced the FWHM (or FWTM) in the
tomographic slice by a factor of about 1.13 (or 1.30)
around the focal line (see Appendix C).

In LOrA SPET the reconstruction of a point source was
no longer invariant by rotation, but had a cross shape
(see Appendix C). The extension was larger in the direc-
tion of the axis bisectrix (x=y and x=–y). As a conse-
quence the FBP reconstruction of two adjacent orbits
showed a diagonal tail on the phantom side in opposition
to the orbits. Indeed, this was the region where the spa-
tial resolution was worst owing to the longer distance
from the collimator. After summation of the reconstruc-
tion of the four couples of adjacent orbits, a residual di-
agonal tail appeared at each diagonal side of the phan-
tom. This artefact was significantly reduced by the atten-
uation (Fig. 10), the contribution of the gamma rays
coming from the farthest region being reduced by their
long path through the phantom.

Implementation

In the future development of large FOV solid state detec-
tor technology, using classical SPET, all the 3×3 mm
crystals (about 20,000) will have their own electronic
unit and wiring, greatly increasing the building difficul-
ties. With LOrA SPET it would be possible to use clus-
ters of four 3×3 mm crystals in the transverse direction,
reducing the electronic and wiring complexity by a fac-
tor of 4 (Fig. 7).

Numerical simulations and acquisitions showed that
the theoretical limit that the transverse detector FOV
must be at least twice the collimator focal length can in
practice be transgressed slightly: the 12.5 cm (or 13 cm)
focal length used with the 20 cm (or 24 cm) in the nu-
merical simulations (or acquisition) did not show any
visible artefact. Thus, existing small cameras, such as
those using solid state detector technology, could direct-
ly be used in LOrA SPET. As for classical SPET, rectan-
gular detectors are preferable.

The sensitivity of LOrA SPET was better than that of
classical fan-beam tomography, despite using a detector
that was half as large and therefore half as expensive
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(Fig. 6). For a similar cost, i.e. using two LOrA detec-
tors, the sensitivity would be improved by a factor of 5.
Reducing the detector size will also decrease the weight
of the detector shielding; this should facilitate the build-
ing of the mechanical parts and thereby help to reduce
the cost of the whole system.

An easy way to handle the detector motion along the
four linear orbits could be to use two detectors set in op-
posite positions, each camera being fixed on a vertical
linear positioning system, itself carried by a horizontal
one (Fig. 12). The camera is fixed inside a fork, allowing
rotation around an axis parallel to the length of the pa-
tient’s body. A major benefit of this configuration is that
all weights are well balanced, avoiding use of counter-
weights and reducing the rigidity needed for the mechan-
ical parts. The top row in Fig. 12 shows how to perform
the four linear orbits in the case of a whole slice study
(brain, liver, oncology, bone), while the bottom row
shows the two linear orbits needed in cardiac studies.

Conclusion

The most obvious benefit of fan-beam LOrA SPET in
comparison with fan-beam classical SPET is the absence
of truncation artefacts, even when the target is larger
than the camera FOV in the transverse plane. This fea-
ture could boost the use of expensive solid state technol-
ogy in SPET by reducing the detector size needed. The
truncation problem is one basic reason for the poor suc-
cess of fan-beam collimator classical SPET in clinical
routine. This benefit of LOrA SPET also allows advan-

Fig. 12A, B. Two detectors set-up for linogram acquisitions. Top
row: performance of the four linear orbits in the case of a whole
slice study (brain, liver, oncology, bone). Bottom row: the two lin-
ear orbits needed in cardiac studies. A Vertical positioning system.
B Horizontal positioning system
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tage to be taken of the increasing fan-beam collimator
tomography sensitivity for decreasing target size, with-
out the need for a collimator with a dedicated focal
length, as is the case in classical SPET: only the linear
orbit length has to be fitted to the target size. In addition,
the optimal orbit can easily, and even automatically, be
set up by a fast count rate measurement in relation to the
collimator position. A further very surprising benefit is
the lack of sensitivity of LOrA SPET to camera unifor-
mity, which is a problem requiring attention in classical
SPET, especially when the same camera is used for dif-
ferent energies. These two benefits result from the per-
mutation of the orbit and detector coordinates between
LOrA and classical SPET.

The possibility of using a small detector FOV even
for a large target size would allow a reduction in the cost
of SPET cameras. The very low sensitivity of LOrA
SPET to the intrinsic spatial resolution of the detector al-
lows the use of thick NaI crystals for all isotopes, in-
creasing the system sensitivity. Also, thallium-201 cardi-
ac studies will no longer be hampered by the less effec-
tive NaI spatial resolution at low energies. Finally, there
is the prospect of new gamma detectors with a better en-
ergy resolution that are not limited by their spatial reso-
lution features. This should improve the final spatial res-
olution of the system by decreasing the amount of scat-
tered gamma rays detected.

Nevertheless, the most attractive benefit of LOrA
SPET is certainly the improvement in spatial resolution
in comparison with parallel or even fan-beam collimator
classical SPET, and that for a similar sensitivity. This
improvement will be further magnified by the use of a
solid state detector, where the final spatial resolution will
be less altered by gamma ray scattering in the patient’s
body.

When the collimator hole length and diameter are fit-
ted in order to obtain a spatial resolution similar to that
of classical SPET, an improvement in sensitivity by a
factor of about 2.5 is obtained for a 20-cm target size,
while using a transverse FOV camera that is half as
large. Like classical SPET, LOrA SPET can easily be
used with one or two heads in order to further increase
the sensitivity; in fact, with LOrA SPET, even four heads
may be used. Remember that in classical SPET the num-
ber of heads is in practice limited to three as a conse-
quence of orbit geometry management [4].

In the future, accurate simulations (Monte Carlo) tak-
ing into account Compton scattering inside the target
medium and also inside the collimator will be needed in
order to permit correct selection of the collimator char-
acteristics.

Appendix A

Taking the Fourier transform on variable V of Eq. 1, one obtains
for the projection Px (calculus for Py is similar):

(A1)

Posing –Ux+λf=x, V–λr=y, the relation is:

(A2)

Thus:

(A3)

Posing kr/f=kx and k=ky in the first relation, and kr/f=ky and k=kx in
the second relation, one obtains:

(A4)

and:

(A5)

Thus:

(A6)

Posing r=f kx/ky and k=ky in the first and third right members and
r=f ky/kx and k=kx in the second and fourth ones, one obtains:

(A7)

Permuting the limits –f, f in the integration on r in the two first
right members and taking into account the fact that k is negative in
these two members, one obtains:
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(A8)

Equation A8 can now be rewritten in the simpler form of Eqs. 2
and 3.

Appendix B

The sensitivity for a fan-beam collimator is ([12] Eqs. 10-14, 
10-15, 10-21):

(B1)

where f is the focal length, d the hole transverse width, l the hole
length, b the distance from the point source to the surface of the
collimator and α a normalisation coefficient (the sensitivity in the
longitudinal direction is included in α). For f→∞, Eq. B1 gives the
sensitivity of the parallel-hole collimator. For a fan-beam collima-
tor with a FOV twice the focal length, the sensitivity for a square
source centred around the focal line (Ux=0 and V=0 in Fig. 3) and
with sides of the source parallel to the coordinate axis is:

(B2)

where L is the size of the square side, f–b=y and the 2D integration
is made on the intersection area between the square source and the
acceptance triangle of the fan-beam collimator. B2 is the sensitivi-
ty for an acquisition at V=0 along the linear orbit. When |V| in-
creases, the sensitivity ratio decreases to 0 when reaching the end
of the linear orbit. Assuming a linear decrease (the aim is to esti-
mate the order of magnitude of the sensitivity), the mean sensitivi-
ty along the linear orbit is half of Eq. B2.

For a parallel-hole collimator the sensitivity is constant in the
source area and also along the revolution orbit, and the mean sen-
sitivity is:

(B3)

The classical/LOrA SPET sensitivity ratio for the phantom acqui-
sition taking into account the hole diameter of both collimators
(fan-beam: d=0.17 cm, parallel-hole: d=0.19 cm) should be about:

(B4)

which is not far from the measured factor (1.14). let remember the
approximation used in the calculus: square source rather than cy-
lindrical, and linear decreasing versus the linear orbit position.

Appendix C

In order to estimate how the FBP process translates the collimator
spatial resolution into the reconstructed plane, we shall consider

the simple case of a point source located at the axis origin
(x=y=0), with Uα=0 for the LOrA acquisition. The classical SPET
rotation radius R is equal to the focal length f of the LOrA fan-
beam collimator, so that the distance between the point source and
the detector are the same in both modalities. Assume that the
system (collimator + detector) spatial resolution is similar for both
systems in the vicinity of the axis origin. In this case the point
spread function (PSF) of the two systems can be simulated by the
Cauchy function [13]:

(C1)

where σ is the collimator spatial resolution and s is the transverse
coordinate in the object plane, the FWHM being 2σ. The Cauchy
function was preferred to the usual gaussian function as it allowed
the possibility of continuing the analytical computation to the end
of the FBP reconstruction for both modalities. The LOrA linogram
is obtained by replacing s by the orbit coordinate V in C1, while
the classical sinogram is obtained by replacing s by the transverse
detector coordinate r.

The Fourier transform on the coordinate V for the linogram
and on the coordinate r for the sinogram are equal ([14], p. 436):

(C2)

For classical SPET the FBP reconstructed activity A(x, y) will be:

(C3)

Using the rotation symmetry of the problem we can limit the study
to y=0. C3 can be rewritten as:

(C4)

The sine integration vanishes for reasons of parity, and the cosine
integration on the spatial frequency k gives ([14], p. 436):

(C5)

The integration on θ is ([14], p. 368, Eq. 375):

(C6)

One obtains:

(C7)

Computing the derivative and taking into account the rotation
symmetry, the final formula is:

(C8)

For LOrA SPET, applying the modified FBP algorithm (Eqs. 2, 3)
to C2 one obtains:

(C9)



(C19)

Of course, this comparison has some limitations: the PSF function
of a camera is not really a Gauchy function, and the computation
is performed only when the point source is located on the axis ori-
gin (focal line cross point for LOrA or rotation centre for classical
SPET). Nevertheless, it shows that the tomographic process itself
has an influence on the final spatial resolution in the reconstructed
plane (Fig. 13).
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The integration on r is immediate and gives:

(C10)

Taking into account the parity of cosine and sine, one obtains:

(C11)

which can be rewritten as:

(C12)

The integration on the spatial frequency k gives ([14], p. 436):

(C13)

Reducing to the same denominator, the final formula is obtained:

(C14)

Equation C14 shows that in LOrA SPET the reconstructed activity
is no longer invariant under rotation, as in classical SPET, but has
a cross shape.

From Eqs. C8 and C14 one obtains for the FWHM and FWTM
in the reconstructed plane:

(C18)

Fig. 13. Normalised profile of the reconstruction of a point source
located on the axis origin. a, Classical SPET. b, c LOrA SPET
along the x- or y-axis (b) and along the axis bisectrix (c). r is the
distance from the axis origin and, σ is the system spatial resolu-
tion


