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Abstract—We describe a small animal SPECT imager based 
on scintillation crystal arrays and position sensitive 
photomultiplier tube (PSPMT). This SPECT detector consists 
of a cerium doped lutetium-yttrium oxyorthosilicate (LYSO) 
scintillation crystal (22 × 22 pixel array, 2 mm × 2 mm × 3 mm 
pixel size), a H8500c PSPMT (Hamamatsu Photonics Co., Ltd., 
Shizuoka Prefecture, Japan), and a parallel hole collimator 
(Nuclear Fields Pty. Ltd, St. Marys, Australia). The detector 
design, electronic setup and image correction method are 
presented. Conical phantom study and animal experiment 
(BALB/C male nude mice, 16 week, 20g) were performed for 
the uniformity correction evaluation and imaging performance 
test respectively. The preliminary results demonstrate that this 
SPECT imager can achieve the small animal whole body 
imaging effectively and thus be one of the modalities of our 
future multimodality imaging system. The feasibility that 
LYSO crystal can substitute NaI(TI) for SPECT imager 
development is also validated.. (Abstract) 

Index Terms—animal imaging, image correction, single 
photon emission computed tomography, 99mTc-3PRG2, tumor. 

I. INTRODUCTION  
Nuclear medicine imaging (NMI) techniques, such as 

positron emission tomography (PET) and single-photon 
emission computed tomography (SPECT), are playing an 
increasingly important role in gaining insights into 
pathological processes in preclinical studies [1]. Compared 
with PET, SPECT has several characteristics and thus is 
more practical because of its potential for higher spatial 
resolution [2], a wider range of radionuclides, and the use of 
multiple-label molecular probes that provide the capability to 
investigate complicated molecular events in vivo [3, 4]. Over 
the past decade, SPECT imaging has been applied 
extensively in cardiology, neurology, oncology and drug 
discovery and evaluation [3]. The growth in these nuclear 
imaging applications has motivated both academic and 
industrial development of SPECT systems that are designed 
specifically for small-animal imaging. 

A SPECT imaging scanner consists of a collimator, 
scintillation crystal, photoelectric detector, electrical readout 
modules, and image processing/display devices. Since the 
Anger camera was first designed in the last century [5], the   
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design scheme, scintillation crystal plus PMTs, came to 
dominate the field of gamma-ray detector design. Scintillators 
are the first thing that should be carefully considered when 
gamma-ray detectors are designed. Currently, the most widely 
used scintillation crystals for SPECT include thallium-doped 
sodium iodide (NaI(TI)), bismuth germinate (BGO) and 
cerium doped lutetium oxyorthosilicate (LSO). NaI(TI) 
remains the most common scintillator material and has been 
used by a number of investigators to build many typical 
SPECT prototypes, e.g. A-SPECT developed by University of 
North Carolina [6], U-SPECT by the Medicine Centre of 
Utrecht University [7], nanoSPECT by BIOSCAN [8], 
FastSPECT-I and FastSPECT-II by Arizona University [9, 10]. 
NaI(TI) crystal has high light output and is possible to reliably 
produce large crystals.  However, the hygroscopic property 
exhibited by NaI(TI) is an undesirable trait in a gamma-ray 
detector design. BGO crystals have a long decay time (~300ns) 
and thus are replaced by LSO that surpasses BGO on light 
output and decay time. Nevertheless, the high melting point of 
LSO crystal make it hard to grow. Cerium doped lutetium-
yttrium oxyorthosilicate (LYSO) scintillation crystal, which 
has the similar properties as LSO, is much easier to produce 
due to the lower melting point and less expensive ingredients 
required [11, 12]. 

Our objective is to develop a SPECT imager for our 
multimodality imaging system. In the current study, we 
describe a small animal SPECT imager based on LYSO 
scintillation crystal arrays and position sensitive 
photomultiplier tube (PSPMT). The detector design and 
electronic setup for data acquisition are presented. Spatial 
resolution test was performed and a uniformity correction 
method was developed in order to improve the detector 
performance. We characterized this performance before and 
after uniformity correction and thus the correction effect was 
evaluated. Animal imaging experiment was also performed to 
evaluate the performance of the SPECT imaging system 
preliminarily. 
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II. SYSTEM DESIGN 

A. Detector Description 
The small gamma camera consists of a parallel-hole lead 

collimator (Nuclear Fields Pty. Ltd, St. Marys, Australia), a 
LYSO scintillation crystal array (22 × 22 pixel array, 2mm × 
2mm × 3mm pixel size, Yibo Crystal Technology Co. Ltd, 
Shanghai, China), a PSPMT (H8500c, Hamamatsu 
Photonics Co. Ltd., Shizuoka Prefecture, Japan), and 
subtractive-resistive readout electronics. The parallel-hole 
collimator measures 34.8 mm thick, with 1.5-mm diameter 
cylindrical holes and septa thickness of 0.2mm. The 
Hamamatsu H8500c PSPMT coupled to the scintillation 
crystal array has an active area of 49 × 49 mm2 with high 
packing density and small dead space and can provide 
unusually high resolution in imaging. It is equipped with 64 
(8 × 8 matrix) anode pads and a 12-stage dynode with 
bialkali photocathodes. It has a spectrum response range of 
300 nm ~ 650 nm with the peak wavelength of 400 nm. The 
detectors are enclosed in aluminium housings (Fig.1). The 
SPECT imager consists of two detectors mounted face to 
face in a rotating gantry. The two detectors are shifted in the 
axial direction with their active areas overlapped to obtain an 
extended field of view (FOV). 

 
Fig. 1. Photograph of the gamma detector (a) and its interior structure (b). 

B. Electronic Setup 
Schematic block diagram of the electronic setup is shown 

in Fig.2. The electronics of this SPECT imager consist of 
high voltage board, readout circuitry and ADC data 
acquisition board. A ~1000 V negative voltage is generated 
from high voltage board to supply H8500 PSPMT. The 
readout circuitry is contained on a printed circuit board that 
is attached to each PSPMT. The signals from the 64 anodes 
of the PSPMT are de-coupled and combined into 16 stripe 
readout channels and then processed by a resistive chain to 
produce four signals (X+, X-, Y+, Y-). These signals reflect 
the position information of a gamma-ray event. Meanwhile, 
the energy signal is obtained from adding of the signals of all 
the anode pads of PSPMT. Then the five signals (position 
and energy signals), after having been preamplified, are fed 
to ADC data acquisition board which was developed by our 
group. A digitized output is then generated via A/D 
transformation and acquired by a host computer. 

C. Image Correction 
Image correction was performed using position mapping 

and uniformity correction. We developed a position mapping 
algorithm that is based on connected regional recognition 
using digital image processing techniques. This algorithm can 
produce a mapping look-up table (LUT) that defines the 
matching relationship between the signal location of a 
detected event and the corresponding detector pixel location. 
Uniformity correction (or flood correction) is performed using 
a corresponding LUT of correction coefficients after position 
mapping and thus could further improve the image quality. 
We do not perform scatter calibration and attenuation 
correction in our imaging system because the scatter 
calibration that is often used in PET imaging [13] is not 
critical in SPECT since the lower energy of 140keV 
disregards the influence of Compton scattering. In addition, 
the attenuation correction, as mentioned by many authors [14, 
15], might not be a major issue in small-animal SPECT 
imaging studies. 

 
Fig. 2. Schematic block diagram of the electronic setup of the SPECT imager. 

 
Fig. 3. Raw image of the pixelated crystal scintillators (22 × 22 matrix). 



  
  

 

III. EXPERIMENTAL METHOD 

A. Spatial Resolution Test 
The spatial resolution was measured using two parallel 

capillary tubes (inner diameter: 2mm) which were filled 
with 1mCi 99mTc and positioned 50 mm from the face of the 
collimator. These two line sources with 4mm, 5mm, 6mm 
and 7mm spacing were scanned respectively in the step-
and-shoot mode from 120 directions over 360°. The 
acquisition time was 60 s. Line test was then performed on 
the transaxial section of reconstructed images in order to 
judge if the two line source can be resolved. 

B. Image Correction Test 
We evaluated the scanner performance for uniformity 

before and after correction. As shown in Fig.3, the raw 
image obtained with the PSPMTs exhibited crystal location 
distortion, with some points overlapping one another 
because of the non-linear and non-uniform spatial response 
from the PSPMT system. A phantom (a conical bottle filled 
with 99mTc, Fig. 4) was used to evaluate the correction of the 
reconstructed image data, but it left an air bubble. The 
conical bottle with an air bubble served two purposes. First, 
the conical bottle is spatially symmetrical in shape, thus 
ensuring a uniform distribution of the pharmaceutical 
concentration inside. Second, the conical bottle was used to 
validate the tomographic image because it varies in diameter 
from the top to the bottom of the bottle. In addition, the air 
bubble left inside introduces some variation between the 
slices in the reconstructed images; therefore, it can be used 
to verify the validity of the correction method. The 
projection data were acquired for 90 seconds in the step-and-
shoot mode from 120 directions over 360°. More details 
about the correction algorithm were described in Ref. [16]. 

 
Fig. 4. The conical phantom (bottom diameter: 300 mm, height: 600 mm) 

used for the reconstruction image evaluation. 

C. Animal Imaging 
This study was performed with the approval of the local 

ethical committee and the experimental protocol was 
completely approved by the Animal Centre of Peking 
University. BALB/C male nude mice, weighting 20 g, were 
inoculated subcutaneously with Hep3B human hepatoma 
cells (6.25×107 cells per mouse) into the flank area of the 

right shoulder. Two weeks after the xenograft tumor 
inoculation, when the tumors were 3mm~4 mm in diameter 
(area: ~12 mm2), the mice were ready to perform imaging test. 
Eachamouse was then intravenously injected with 37.0 MBq 
99mTc-3PRG2 (3PRGD2=PEG4-E[PEG4-c(RGDfK)]2) [17]. 
After a 50-min uptake period, the mouse was subject to the 
anesthesia with 2.50% isoflurane in oxygen for inducing 
anesthesia and then 1.00% isoflurane in oxygen for anesthesia 
maintenance. The mouse was covered by cotton in order to 
maintain its body temperature during the whole experimental 
procedure [18]. SPECT projection data were acquired in a 
step-and-shoot mode from 60 angles over 180° with the 
acquisition time of 20s per projection. The acquired projection 
data were reconstructed using ART. 

IV. PRELIMINARY IMAGING RESULTS 
Fig. 5 shows the transaxial section of tomographic images 

of the line source phantom (top) and the corresponding line test 
profiles (bottom). The capillary tubes with >5 mm apart can be 
distinguished, which indicates a spatial resolution of ~2.5 mm. 
Fig. 6 (top) shows the serial axial slices from the conical 
phantom images, which were reconstructed from the projection 
data using ART without uniformity correction. The projection 
data were reconstructed again after the uniformity correction, 
and the air bubble can be clearly observed in the reconstructed 
images (Fig. 6, bottom). The integral uniformity values of the 
reconstructed SPECT images (Fig. 7) further validate the 
effectiveness of the correction method. 

 
Fig. 5. Transaxial section of tomographic images of the line source phantom 

(top) and the corresponding line test profiles (bottom). 

The SPECT images of xenograft tumor are shown in Fig. 8. 
Both of the transverse and sagittal image showed a higher 
radioactivity concentration in the tumor in the right shoulder. 
Moreover, it presents a good uniformity within the tumor area 
after detector calibration. Note that a higher uptake of 99mTc-
3PRG2 was also observed in the liver and the abdominal 
viscera. The pharmaceuticals in these organs were metabolized 
by the kidney to the bladder together. A better control of 
pharmaceuticals metabolism time might help to reduce the 
high uptake in the abdominal viscera. Furthermore, inducing 
micturition for mice before experiment would eliminate high 
count rate of gamma ray event in the bladder. It is also worth 
noting that the event count rate in the background is not as low 
as expected ideally despite a clearly higher uptake of 99mTc-
3PRG2 in the tumor cells. This is probably because the 



  
  

 

intrinsic activity of LYSO crystal creates a background 
count rate since LYSO (or LSO) is abundant in radioactive 
176Lu naturally [19]. Further study are needed to investigate 
this issue quantitatively in order to further improve the 
SPECT imager performance. 

 
Fig. 6. Comparison between the representative axial slice images before 
(top) and after (bottom) the uniformity correction. The projection images 
were acquired for 120 directions over 360°. The acquisition time was 90 

seconds for each direction. Twenty-four typical reconstructed images were 
selected to analyze the integral uniformity improvement after the 

uniformity correction. Note that the axial slice images (top), which were 
reconstructed from projection data without correction, still showed severe 

non-uniformities. The areas with high gray values in these slices are 
indicated (arrows). 

 
Fig. 7. Integral uniformity of the reconstructed SPECT images (see Fig.5) 

before (mean 20.56% ± 4.87) and after (mean 10.96% ± 3.38) the 
projection data correction. 

 
Fig. 8. Transverse (left) and sagittal (right) sections of 99mTc-3PRG2 SPECT 

image of BALB/C male nude mouse. Physiologic tracer uptake in tumor, 
abdominal viscera and bladder is marked. 

V. CONCLUSION 
      We have presented the design and preliminary 
performance test of a SPECT imager based on LYSO 
scintillator and H8500 PSPMTs. Phantom study demonstrated 
that our compact gamma detector can achieve SPECT images 
with high uniformity. Animal experiment showed that the 
detector can provide a field of view that is sufficiently large 
for small animal whole body imaging. The spatial resolution 
is about 2.5 mm. Further performance measurement of this 
system is underway, including energy resolution, count rate 
capability and sensitivity test. In addition, the influence of 
background signals produced by the presence of the naturally 
occurring isotope 176Lu should be investigated quantitatively 
in the future. We are also investigating the use of CdZnTe 
semiconductor and pinhole collimator to build a high 
performance SPECT imager. 
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