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A prototype PET/SPET/X-rays scanner dedicated 

for whole body small animal studies

Abstract
Objectives: To present a prototype tri-modal imaging system, consisting of a single photon emission 
computed tomography (SPET), a positron emission tomography (PET), and a computed tomography (CT) 
subsystem, evaluated in planar mode. Materials and Methods: The subsystems are mounted on a rota-
ting gantry, so as to be able to allow tomographic imaging in the future. The system, designed and con-
structed by our group, allows whole body mouse imaging of competent performance and is currently, to 
the best of our knowledge, unequaled in a national and regional level. The SPET camera is based on two 
Position Sensitive PhotoMultiplier Tubes (PSPMT), coupled to a pixilated Sodium Ιodide activated with 

2Thallium (NaI(Tl)) scintillator, having an active area of 5x10cm . The dual head PET camera is also based on 
two pairs of PSPMT, coupled to pixelated berillium germanium oxide (BGO) scintillators, having an active 

2area of 5×10cm . The X-rays system consists of a micro focus X-rays tube and a complementary metal-oxi-
2de-semiconductor (CMOS) detector, having an active area of 12x12cm .  Results: The scintigraphic mode 

has a spatial resolution of 1.88mm Full Width at Half Maximum (FWHM) and a sensitivity of 48cps/MBq at 
the collimator surface. The coincidence PET mode has an average spatial resolution of 3.5mm and a peak 
sensitivity of 13483cps/MBq. The Χ-rays spatial resolution is 3.5lp/mm and the contrast discrimination fun-
ction value is lower than 2%. Conclusion: a compact tri-modal system was successfully built and evalu-
ated for planar mode operation. The system has an efficient performance, allowing accurate and informa-
tive anatomical and functional imaging, as well as semi-quantitative results. Compared to other available 
systems, it provides a moderate but comparable performance, at a fraction of the cost and complexity. It is 
fully open, scalable. and its main purpose is to support groups on a national and regional level and provide 
an open technological platform to study different detector components and acquisition strategies.
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Introduction

Small animal imaging has been the driving force in preclinical research, as well as for 
the development of imaging technology over the last two decades [1]. In high per-
formance positron emission tomography (PET) and single photon emission tomo-

graphy (SPET), position sensitive photomultiplier tubes (PSPMT) have offered clear ad-
vantages regarding the energy estimation and positioning of gamma ray interactions 
allowing the construction of robust and compact systems, suitable for mouse imaging 
[2, 3]. High resolution functional images produced by such dedicated nuclear medicine 
systems can be fused with high resolution anatomical images, producing a thorough de-
tailed image of biodistribution and pharmacokinetics, with precise localization proper-
ties [4, 5].

Such dedicated multimodal imaging systems are commercially available, but their 
high purchase and maintenance costs make them unapproachable to the majority of re-
search groups. Considering that many small and medium teams work in the develop-
ment of new radiopharmaceuticals and evaluate new biomolecules (including nanopar-
ticles) or study disease models [6-8], the development of low cost systems, with suffici-
ent performance addresses existing needs. By selecting the proper detector componen-
ts and acquisition strategies, it is possible to achieve a good compromise between per-
formance and cost.

In this work, we have designed a tri-modal system combining three basic imaging mo-
dalities (SPET/PET/CT) (Figure 1). The main purpose of the system is to support groups on 
a national and regional level. Moreover, it provides an open technological platform to 
study different detector components and acquisition strategies, including scintillators 
and collimators for imaging higher energy isotopes. It has been evaluated in planar mode
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99musing technetium-99m ( Tc) for scintigraphic imaging and 
68gallium-68 ( Ga) for coincidence imaging, while tomogra-

phic mode and studies with other low energy isotopes are 
possible. 

Figure 1. Image of the constructed tri-modal small animal imaging system.

Materials and Methods

SPET subsystem
The SPET camera is based on two square H8500 �at-panel 
PSPMTs (Hamamatsu, Japan) in a 1×2 arrangement and to-

3tal dimensions 105.7×52×34mm . The two PSPMTs are co-
upled to a pixelated sodium iodide activated with thallium 
(NaI(Tl)) crystal (SaintGobain, France) with an active area of 

2 397.4×44.8mm . The pixel dimensions are 1×1×5mm  with a 
pitch of 1.2mm. The array is viewed through a 3mm glass 
window and encapsulation is completed by an aluminum 
cover, 50μm thick. Optical grease BC-630 (SaintGobain, 
France) has been used for optical coupling of the PSPMTs to 
the scintillation layer. A general purpose parallel-hole lead 
collimator is used (Nuclear Fields Co, Netherlands), with 
hexagonal holes of 1.2mm inner diameter and 0.2mm thick 
septum walls. Its height is 25mm, with an active area of 

252×105 mm . The system is enclosed in an 8mm tungsten 
3(W) housing box of 140×82×107mm . 

Initially, data were acquired using two PCI cards, a G3 Mac 
and Kmax software by Sparrow Corporation [9]. To decrease 
the size, cost and �exibility, a new readout was implemen-
ted. Camera output analog signals were digitized at 50MHz 
sampling rate using 12-bit resolution free running analog to 
digital converters (ADC) (Texas Instruments ADS5282). An 
embedded system based on MicroBlaze microprocessor 
(Xilinx Inc, US) was developed at a Spartan 6 LX150T FPGA 
development board (Avnet Inc, US) for data acquisition and 
processing of the digitized signals. The data acquisition 
method is described in detail in [10]. For the new acquisition 
architecture the optimal HV was found to be equal to - 865V 

99mfor technetium-99m ( Tc) imaging.
The system is accompanied by a user-friendly interface 

that supports acquisition, data base for raw data and image 
archiving, DICOM (Digital Imaging and Communications in 
Medicine) format, basic data processing tools, and repor-

ting, so that images and corresponding analyses are expor-
ted in PDF format.

PET subsystem
Each head of the developed dual head PET system is also ba-
sed on a pair of two square H8500 �at-panel PSPMTs. The PS-

2PMTs are coupled to a 5×10cm  bismuth germanium oxide 
(BGO) scintillator array (Hilger Crystals Ltd, UK), with a pixel 

3size of 2×2×5mm  and 0.25mm septa. Each head is enclosed 
in a 5 mm tungsten (W) housing box of approximately 135× 

3135×80mm  and mounted on the rotating gantry, placed 
one physically opposed to the other, at an 80mm distance. 
Currently, the system works in coincidence mode, where 
only crystals with a certain angle (acceptance angle) are allo-
wed to contribute coincidences. This effect has been studied 
by our group [11], where it has been shown that as the ac-
ceptance angle decreases, the spatial resolution and the 
uniformity of the �eld of view (FOV) increase, but the sensiti-
vity decreases as well. The �nal image is a projection in a 
plane, which is located at the middle of the two heads.  In 
this implementation, the acceptance angle is 10 degrees, 
which offers a good compromise between sensitivity and 

2resolution, while the FOV is 5×10cm  to allow whole body 
mouse imaging. Prede�ned acquisition parameters are a ti-
ming window of 16ns and an energy window between 350-
700keV. Digitization was performed with the aforemen-
tioned ADC present in the SPET system, using a sampling 
frequency of 65MHz. The Spartan 6 LX150T development 
board was used again for the acquisition and processing of 
the acquired signals. The data acquisition method is des-
cribed in detail in [12].

X-rays subsystem
The developed X-rays system consists of an X-rays tube and 
a CMOS detector, mounted on the rotating gantry and sepa-
rated by a distance of 30cm, to allow whole body imaging in 
a single shot. The X-ray tube used is a Source-Ray Inc. SB-80-
500-DI (Source-Ray Inc), operated between 35kVp and 80 
kVp with a tube current up to 0.5mA. The tube has a �xed W 
anode, tilted by 20 degrees with respect to the electron be-
am axis, a 0.8mm carbon �ber exit window, a 33μm mini-
mum focal spot size and an inherent �ltration of 1.8mm Al at 
80kVp.

The CMOS Flat Panel Sensor used is the C10900D model 
by Hamamatsu. It is a high resolution sensor with a CsI scin-
tillator layer directly deposited on a 2D photodiode array. 
The minimum pixel size is equal to 0.1mm and the active 

2area is approximately 12×12cm  (1216×1232 pixels in the '�-
ne' scan mode). It supports incident beam energies up to 90 
kVp, so it is in good accord with the chosen X-rays tube.

System evaluation
The scintigraphic performance evaluation was based on 
previously published literature on small �eld-of-view gam-
ma cameras performance [13, 14]. The coincidence perfor-
mance evaluation was also based on previously published 
literature, on benchtop PET preclinical systems [15, 16]. The 
coincidence images were reconstructed through the Focal 
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Plane Tomography (FTP) algorithm, which is used by many 
groups for the evaluation of dual PET planar detectors [17, 
18]. The evaluation of the X-ray system was based on the 
AAPM TG-74 report [19].

SPET evaluation
Uniformity
The intrinsic uniformity of the detector was calculated by re-

99mmoving the collimator and placing a Tc point source of 3.7 
MBq at a distance of 5 times the UFOV. A total of 7×106 co-
unts were collected. For the system uniformity the colli-

99mmator was kept in place and a Tc �ood source of 18.5MBq 
was placed upon the collimator. A total of 8.5×106 counts 
were collected.

Both images were then processed with a [1 2 1; 2 4 2; 1 2 1] 
weighted �lter. The integral uniformity was calculated as the 
coefficient of deviation, i.e. the standard deviation of counts 
divided by the mean number of counts in the image. The 
differential uniformity was calculated as the difference 
between the maximum and minimum count of the region 
divided by their sum, for any 5 consecutive pixels in all rows 
and columns [13]. For the system uniformity both the useful 
�eld of view (UFOV, i.e. the �eld seen by the collimator holes) 
and for the central �eld of view (CFOV, i.e. the 75% central 
region of the UFOV) were studied.

Count rate capability
The system's count rate capability was evaluated using 3 
cylindrical phantoms 40mm long and 5mm in diameter �l-

 99mled with different activities of Tc. The sources were measu-
red prior to the experiment in a Geiger tube counter, to cal-
culate the actual ratio between the activities. The values ex-
tracted from the counter were 2.405MBq (1), 7.77MBq (2), 
and 25.9MBq (3), corresponding to actual ratios of 10.8 (3:1), 
3.3 (3:2) and 3.2 (2:1). These ratios were then measured on 
the acquired image and the results were compared to deter-
mine and quantify deviations.

Energy resolution
99mThe energy spectra were obtained using a Tc source (~0.37 

MBq) placed at 1m distance from the surface of the scinti-
llator, after removing the collimator. For each crystal pixel, 
the energy spectrum was acquired and an automated algo-
rithm was used to �nd and record the photopeak channel in 
all pixels. All spectra were normalized to the same photo-
peak position by multiplying each value of the spectrum 
with the ratio of the selected normalized photopeak (at 140 
keV) with the current photopeak. The normalized energy 
spectrum is the sum of all individual spectra of the crystal 
elements, after applying these corrections for each pixel of 
the array. A Gaussian �t was applied to the normalized ener-
gy spectrum and the energy resolution was determined for 
140keV energy peak, using the standard Full Width at Half 
Maximum (FWHM).

Spatial resolution
To evaluate the spatial resolution of the scintigraphic system 

99ma capillary �lled with a Tc solution was used. The capillary 

having an inner diameter of 1.1mm and a length of 90mm 
was placed with a slight inclination (3 pixels wide from top to 
bottom) at different distances from the collimator. Spatial re-
solution was calculated as the FWHM of the line spread fun-
ction (LSF) from the line pro�le of the capillary source at 
three different points along the capillary length, for each 
distance. The average value and standard deviation for each 
distance was used. To verify the measured spatial resolution, 
a simple test was also performed, by placing two capillaries 
at a distance of 2mm in the center of the �eld of view. The 
image and the corresponding pro�les were drawn.

Sensitivity
Sensitivity was measured using data of the previous expe-
riment, by placing the capillary source at the center of FOV, 
at different distances from the collimator. System sensitivity 
was de�ned as the recorded counts in the �ood corrected 
image, within a ±20% energy window around the 140keV 
photopeak, per second divided by the decay-corrected acti-
vity of the source in Mbq.

PET evaluation
Energy resolution
The energy resolution was measured following the same 

68procedure as for the scintigraphy evaluation, but with a Ga 
�ood source placed in the middle of the head-to-head dis-

68tance, which is 80mm. We have selected Ga as a PET source, 
since our group has access to a Gallium generator.

Spatial resolution
The spatial resolution of the system, in coincidence mode, 
was evaluated by using a capillary, with an inner diameter of 

681.1mm and length of 65mm, �lled with Ga solution. The 
capillary source was moved linearly across the horizontal 
and vertical direction, in the mean plane among the two op-
posite parallel detectors, while taking coincidence count ra-
te pro�les on reconstructed coincidence images. The ave-
rage value of the measured FWHM was used for each direc-
tion. To verify the measured spatial resolution, a simple test 
was also performed, by placing two capillaries at a distance 
of 4mm in the center of the �eld of view. The image and the 
corresponding pro�le were extracted.

Sensitivity
22Sensitivity was measured with a 0.037MBq Na point sour-

ce, placed in the middle of the head-to-head distance. Three 
positions were considered, one at the center of the �eld of 
view and two near the edges. System sensitivity was deter-
mined as the recorded coincidence counts, within the 350-
700keV energy window, per minute, divided by the decay-
corrected activity of the source. The coincidence timing 
window was set equal to 16ns.

X-rays Evaluation
Beam quality
For the assessment of the beam quality of the X-ray beam 
the RaySafe Xi dosimeter (RaySafe) with the R/F (Radiogra-
phy/Fluroscopy) Classic external detector was used. The low
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dose rate mode was chosen, suitable for measuring dose 
rates of <1mGy/sec. The dose rate at the detector surface 
was monitored, by placing an increasing thickness of alumi-
num �lter (0.5 to 5mm) at the tube exit window. The alumi-
num thickness for which the initial dose rate is reduced to 
half (half value layer) was estimated for 3 main operating 
tube voltages. 

Spatial resolution
For the evaluation of the spatial resolution of the X-ray sys-

18tem the TOR FG imaging performance test object (Leeds 
Test Objects Ltd) was used. Its inner central region incor-
porates appropriate bar pattern structures ranging between 
0.5 to 5lp/mm. The test object was imaged by choosing 
35kVp, 500μA and 0.1s exposure time. 

Low contrast sensitivity
For the low contrast sensitivity assessment, the same test 
object was used, as it incorporates appropriate structures 
for different contrast induction on its periphery. The test ob-
ject was imaged with 70kVp and an additional �lter of 1mm 
Cu, as proposed by the manufacturer (Leeds Test Objects 
Ltd). 

Animal Studies
Three mice purchased from the breeding facilities of the Na-
tional Center for Scienti�c Research “Demokritos”, Athens, 
Greece, were used for a proof of concept imaging study and 
were kept under environmentally controlled conditions, in 
individually ventilated cages, with food and water ad libi-
tum. 

Anesthetization was performed intra-peritoneally (i.p.) 
with 100μL/10g body weight of a stock solution containing 
10% ketamine–hydrochloride (100mg/mL), 5% xylazine-
hydrochloride (20mg/mL) prior to scanning. The imaging 
studies were then performed as described below.
a) All three mice were imaged in the X-ray system just before 
the radioisotope administration, to maintain the exact same 
positioning and to be used for image fusion. The imaging pa-
rameters were set to 35kVp, 500μA and 0.1s exposure time.
b) Two female normal Swiss-Webster Albino mice (32 and 
20g, respectively) were used for the scintigraphic imaging 
study. 100μL of approximately 21.2MBq of technetium med-

99mronic acid ( Tc-MDP) were administered to the �rst mouse, 
through the tail-vein, subsequent to anaesthesia. The same 
procedure was followed with the second mouse, by admi-
nistering 7.4MBq of technetium hexamethylpropylene-

99mamineoxime ( Tc-HMPAO). Then, the mice were placed on 
the animal bed at a <0.5 cm distance from the camera head 
to allow imaging with maximum spatial resolution and suc-
cessive 2min frames were collected for up to 1h post in-
jection (p.i.). All frames were summed, to achieve an image 
with high statistics, while processing on each frame is pos-
sible.
3) A male SCID mouse (23g), administered with 4T1 cancer 

68cells, was used for the coincidence imaging study. Ga label-
led iron oxide nanoparticles (NP) were administered thro-
ugh the tail vein and passive targeting on tumor was expec-

68ted. The administered activity was 5.18 MBq of Ga. Succes-

sive 2min frames were collected for up to 3h p.i. Frames were 
summed, to achieve images with higher statistics.

Results 

Performance indices
Evaluation of SPET performance
Uniformity
The intrinsic and system uniformity are reported in Table 1. 
For the system uniformity both the UFOV and CFOV are stu-
died. The uniformity values obtained for our system are in 
good accord with studies on similar imaging systems [20].

Count rate capability
 99mThe 3 cylinders �lled with different activities of Tc are seen 

in Figure 2.  The measured activity ratios were 10.2 (3:1), 3.2 
(3:2) and 3.2 (2:1) respectively, yielding a maximum devi-
ation of 5% from the actual ratio values measured in the Ge-
iger tube, proving a good overall count rate capability of the 
scintigraphic system. No distortions are observed at the 
middle of the image, where the two PSPMT are glued toget-
her, creating a dead area below the scintillator.

Figure 2. Three cylinders of different activities to estimate the count rate 
capability of the scintigraphic �eld of view. A maximum deviation of 5% from no-
minal values is observed, yielding a good system count rate capability.

Energy resolution
The energy resolution measured through the normalized 
spectrum over all crystals is 19.2%. This value is considered 
adequate for small animal imaging studies, where the 
scatter contribution is relatively small. The difference com-

Table 1. The u niformity v alues o btained f o r t he s cintigraphy  system.

Intrinsic 
uniformity

System u niformity

Full field UFOV CFOV

Coefficient of 
variation (%)

9.2 9.3 8.2

Differential 
uniformity (%)

5..3 5.6 4.5
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pared to standard continuous scintillators is mainly attribu-
ted to the small pixels of the crystal, which result to multiple 
light re�ections inside each pixel.

Spatial resolution
The measured spatial resolution for scintigraphic imaging, 
when in contact with the collimator, is 1.88±0.2mm. At the 
10-20mm distance, where the mouse organs are usually lo-
cated, the resolution rises to ~3mm. The spatial resolution 
curve is shown in Figure 3.

Figure 3. The spatial resolution of the scintigraphic system as a function of source-
to-collimator distance. A minimum value of 1.88mm is observed at the collimator 
surface.

To verify the measured spatial resolution, a simple test was 
performed, by placing two capillaries at a distance of 2mm. 
The image and the corresponding pro�le are shown in Figu-
re 4. It can be seen that the two capillaries are clearly distin-
guished, as expected from the calculated spatial resolution 
of 1.88mm.

Figure 4. Two capillaries separated by a distance of 2mm and the corresponding 
pro�le.

Sensitivity
The measured sensitivityfor the scintigraphic system is 48± 
1cps/MBq for a ±20% energy window. The values of the sen-
sitivity with respect to the source-to-collimator distance can 
be seen in Figure 5. As expected for parallel-hole collimation 
[21], a decrease is observed when distance is increased.

Evaluation of PET performance
Energy resolution
The energy resolution, measured through the averaged spec-

trum over all crystals for the coincidence imaging, is 30%, 
which is in agreement with other similar systems that use 
BGO scintillators [22]. It must be noted that variations in the 
energy response have also been observed by using the same 
material, but from different providers. 

Figure 5. The sensitivity of the scintigraphic system, as a function of source-to-
collimator distance. A maximum value of 48±1cps/MBq is observed at the colli-
mator surface. The energy window was ±20%.

Spatial resolution
The spatial resolution for the x plane is measured to be 3.73± 
0.17mm and for the x plane 3.27±0.03mm. Taking into acco-

 68unt the relatively high positron range of Ga, it is likely that 
the actual spatial resolution is even better. To verify the spa-
tial resolution, a simple test was also performed, by placing 
two capillaries at a distance of 4mm. The capillaries can be 
clearly separated as it is shown by the image and the corres-
ponding pro�le in Figure 6.

Figure 6. Two capillaries separated by a distance of 4mm and the corresponding 
pro�le. 

Sensitivity
The sensitivity for the coincidence imaging is measured 
equal to 13483cps/MBq for a 350-700keV energy window. 
The sensitivity with respect to source positioning is shown in 
Figure 7.

Evaluation of X-rays performance
Beam quality
The estimation of the beam quality that was performed 
through measuring the HVL in mm of Al for 3 different tube 
voltages, is presented in Figure 8.  The HVL values extracted 
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are 1.22mm, 1.48mm and 2.06mm of Al for tube voltages of 
35kVp, 50kVp and 80kVp respectively.

Figure 7. Sensitivity of the coincidence system for the two axes, at the centre and 
at the edges of the �eld of view. A maximum value of 13483cps/MBq is observed at 
the center of the �eld. The energy window was 350-700keV.

Figure 8. HVL estimation, in mm of Al �ltration, of the x-ray beam for 3 operating 
voltages. HVL of 1.22mm, 1.48mm and 2.06mm for 35kVp, 50kVp and 80kVp res-
pectively are measured.

Spatial resolution
The results for the spatial resolution can be seen in Figure 9. 
It is estimated to be 3.5lp/mm, which is in accord with the 
detector's speci�cations, for the �ne and panoramic operati-
on mode. This value is sufficient for performing studies in 
mice, especially if the role of X-rays imaging is to provide an 
anatomical map for the radioisotopic studies.

Low contrast sensitivity
The low contrast sensitivity evaluation is shown in Figure 10. 
As the test object exceeded the dimensions of the detector, 
two consecutive acquisitions were performed, one for the 
upper and one for the lower part of the test object. Struc-
tures of < 2% contrast induction can be distinguished. 

Animal Studies
X-rays imaging
An X-ray image was acquired prior to the scintigraphic and 
coincidence acquisitions, both for fusion purposes and for 

evaluating the X-rays system performance (Figure 11). It can 
be seen that even very slight details and small structures can 
be easily distinguished.

Figure 9. Spatial resolution estimation for the X-rays system. The bar pattern of 
3.55lp/mm can be easily distinguished.

Figure 10. Low contrast sensitivity evaluation for the X-rays system. The structure 
inducing a contrast of 2% can be easily distinguished.

Scintigraphic imaging
The scintigraphic images acquired as described in 2.4.4 are 
shown in Figures 12 and 13, together with the fused images. 

99mThe expected normal distributions of both Tc-MDP and 
99mTc-HMPAO are observed, with high concentration in the 
bones or in the brain, many internal organs and the bladder. 
The fusion with the X-rays image facilitates the determi-
nation of hot spots location in the mouse body, especially in 
a tracer with localization in various and different organs. 
Apart from the visual assistance, the X-rays information can 
be also used for drawing regions of interest on selected or-
gans or structures.

Coincidence imaging
The coincidence image acquired as described in 2.4.4 is sho-
wn in Figure 14, along with the fusion image. As it is ex-
pected for non-targeted iron oxide nanoparticles, high 
concentration in liver and a noticeable accumulation on the 
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tumor region (left shoulder) due to the enhanced perme-
ability and retention (EPR) effect are observed. Again, the X-
rays image supports the accurate location of PET �ndings.

Figure 11. An X-rays acquisition of 35kVp, 0.5mA and an exposure time of 0.1s. 

  99mFigure 12. A scintigraphic acquisition of 1h with Tc-MDP and the fusion image 
with the mouse X-rays.

99mFigure 13. A scintigraphic acquisition of 1h with Tc-HMPAO and the fusion 
image with the mouse X-rays.

Discussion

A custom trimodal SPET/PET/CT system has been designed 
and evaluated, in planar mode. To the best of our knowled-
ge, there is currently no other custom SPET/PET/CT system 
with published results that provides the combination of the 
three imaging modalities, together with the possibility of to-

mographic imaging. 

68Figure 14. Coincidence acquisition of 3hrs duration with Ga labelled on iron oxi-
de NPs and the fusion image with the mouse X-rays.

The system offers a spatial resolution of 1.8mm in scinti-
graphic imaging and 3.5mm in coincidence mode. The �eld 
of view in both modalities allows for whole body mouse 
imaging. While many high-performance systems offer a spa-
tial resolution in the order of 1mm [4, 5, 14, 21], it should be 
taken into account that such systems are usually based on 
multipinhole collimators and require tomographic mode 
that does not allow fast dynamic studies. In addition, they do 
not always permit whole body acquisitions or they use mini-
�cation, which decreases their resolution for whole body 
imaging too. Finally, they all have limitations in terms of cost 
and complexity, as mentioned above. For the planar PET re-
solution, again there are systems providing spatial resolu-
tion in the order of 2mm [4, 5, 11, 15], but are also based on 
far more expensive components. However, our spatial reso-
lution is considered adequate for planar PET screening stu-
dies, as in the case of scintigraphic imaging. By optimizing 
the processing of coincidences in both heads, further impro-
vement is possible and the expected resolution limit is the 
crystal's pixel size. For the majority of initial screening stu-
dies, information on the in vivo behavior of a new tracer is 
the �rst evaluation step. Thus, fast, whole body information 
is required and in this case a resolution in the order of 2 to 
3mm can provide sufficient information to screen various 
products and select which should be further studied.

The scintigraphic sensitivity of the system allows for dyna-
mic studies to be performed both for scintigraphic and coin-
cidence mode. From our experience, even short scans of 10 
secs provide accurate information for drawing time activity 
curves at the �rst minutes post injection. Depending on the 
application, sensitivity can be further improved by alter-
native collimator selection. Taking into account that in a pla-
nar study the organs are located at a depth of 1-2cm, it is 
possible to investigate other collimator designs i.e. square 
collimator that signi�cantly increase sensitivity while main-
taining resolution at small distances.   On the other hand, the 
coincidence sensitivity is higher by almost two orders of 
magnitude, compared to the scintigraphic component, 
demonstrating the added value of PET and being in good 
agreement with literature [1, 4]. Further improvement in sen-
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sitivity is expected if the coincidence data from both heads 
are processed by using all possible coincidence angles, whi-
ch is considered as a next step in our work.

The x-ray system's spatial resolution is estimated to be 3.5 
lp/mm, which is in accord with the detector's speci�cations, 
for the �ne and panoramic operation mode. This value is 
sufficient for performing studies on mice, especially if the 
role of x-ray imaging is to provide an anatomical map for the 
radioisotopic studies. It is within our intention to further 
explore the limits of X-rays imaging, by including dual ener-
gy imaging, in order to enhance speci�c structures and/or 
test longer exposure times. The system offers also the pos-
sibility to focus on particular parts of the animal and imp-
rove resolution if required.

The imaging studies that have been performed also cle-
arly demonstrate that the system can be efficiently used for 
the evaluation of a novel agent, with good resolution and 
sensitivity for SPET and PET tracers. In addition, the bene�ts 
of fusing this information with anatomic data from X-ray are 
obvious, especially when testing new tracers with unknown 
biodistribution.

In conclusion, the presented system is fully open, scalable. 
and its main purpose is to support groups on a national and 
regional level. It also provides an open technological plat-
form to study different detector components and acquisi--
tion strategies, including scintillators and collimators for 
imaging higher energy isotopes. Current work includes the 
evaluation in tomographic mode, as well as extension to al-
low imaging of higher energy therapeutic isotopes. Future 
work includes the addition of two more heads for the PET 
component and a second SPET head to improve overall sen-
sitivity.

All applicable international, national, and/or institutional 
guidelines for the care and use of animals were followed.
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