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Abstract: Intrinsic and tomographic evaluation tests on the Siemens e.cam® Signature Series Single Photon
Emission Computed Tomography (SPECT) system were conducted to ensure that it meets the specification
required by the user and the capabilities claimed by the manufacturer after installation. The tests were
performed according to National Electrical Manufacturers Association protocols and various measuring
instrument and point sources containing 99 m-Tc were used. Intrinsic tests performed include intrinsic flood
uniformity, intrinsic count rate performance in air and intrinsic energy resolution. Whole body scanning,
SPECT resolution without scatter, SPECT resolution with inserts, SPECT uniformity and center of rotation
were also evaluated. The intrinsic count rate performance measured was 300kcps as against manufactures’
specification of 310 kcps, intrinsic  energy  resolution  was  9.31%  whiles manufacturers’ specification was
# 9.9% and center of rotation specification is that Max. X-Min. X< 1 pixel and RMS < 0.5 whiles values
measured was  0.254 and 0.10 for LEAP and 0.092 and 0.083 for LEHR collimators. The evaluation confirm
that the SPECT system met the requirements for clinical medical imagine and also the values obtained could
be used as baseline data for future quality control.
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INTRODUCTION

Nuclear Medicine is a specialty of medicine which
utilises radiopharmaceuticals in unsealed form either for
therapy or to study a particular physiological function.
The Gamma camera is used to accurately measure the
distribution of radioactivity within the human body which
has specifically localised in an organ of interest and the
production of images exhibiting the best diagnostic
quality with the least possible patient radiation exposure
(Paras, 1981). 

Nuclear Medicine embraces application of
radioactive materials in diagnosis, treatment and/or
research with the exception of use of sealed radiation
sources (Hasford et al., 2010; Feli et al., 1993).

SPECT instrumentation is more complex than other
system used for whole-body and planar imaging, but
requires high level of quality assurance for optimum
performance and best quality diagnostic images consistent
with clinical imaging (Groch and Erwin, 2001; ACR,
2008). Nuclear medicine is very much instrument-
oriented. With the Single Photon Emission Computered
Tomography (SPECT) system, a gamma camera moves 
around a patient and from the data obtained from the

various angles, a tomographic reconstruction of the image
at different depths is created. Reconstruction of image in
a tomographic format is done through a computer system
(Ganatra, 1991).

On installation of the SPECT system, a thorough
performance assessment of the camera with a planned
schedule of acceptance tests were conducted to validate
the specifications required by users, as set out by the
Manufacturer (Soni, 1991). The tests also ensured that the
camera operated within specifications and that changes
over time could be detected to initiate request for
servicing and maintenance (Murphy, 1987).

The measurement of scintillation camera performance
characteristics in terms of intrinsic flood uniformity,
intrinsic count rate performance and intrinsic energy
resolution as well as SPECT measurements at the time of
installation and thereafter at regular intervals is presented
in this work. The assessment provided mainly a baseline
data which could be used to compare with subsequent
system performance and evaluation.

 Published data have been quoted for MEGP and
HEGP collimators, which are different from the types
installed the Korle-Bu Teaching hospital. The data
obtained  could be used for future references.
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Fig. 1: Cutaway diagram of the detector head of an anger type scintillation camera, with key electronic units

Spect quantification and quality assurance:
Manufacturer’s specification: The manufacturers’
specifications corresponding to conforming values for
intrinsic count rate performance and intrinsic energy
resolution were 310 kcps and #9.9% respectively. The
values of intrinsic uniformity was specified in terms of
Useful Field of View (UFOV), Central Field Of View
(CFOV), Integral Uniformity (IU) and Differential
Uniformity (DU). UFOV was #3.70 and 2.70 for IU and
DU respectively whiles CFOV was #2.90 and #2.50 for
IU and DU, respectively. Siemens specification for Center
of Rotation (COR) was specified as Max. X-Min. X<1
pixel and RMS < 0.5 pixel.

Description of gamma camera: The scintillation camera
is an imaging device used in nuclear medicine, and
utilizes a thin but large area thallium activated sodium
iodide (NaI(Tl)) crystal as the radiation detector, which is
viewed by an array of photomultiplier tubes (PMTs). Fig.
1 illustrates a section through the detector head and the
electronic components of a typical Anger type
scintillation camera. 

Photons emitted by radionuclides in the patient or test
source reach the crystal after passing through a lead
collimator which defines the direction of acceptance of
the photons. The crystal is viewed by photomultipliers
from the back surface, either directly or through a light
guide. The PMTs are supplied with high voltage and the
voltage gain is slightly adjustable at each tube (IAEA,
2006). 

Operation of gamma camera: Upon interacting with the
crystal, the photon produces light scintillation that spreads
through the crystal and is detected by the PMTs. The
fraction of the light striking the photocathode of each
PMT varies inversely with the distance of the PMT from

Fig. 2: The X-Y coordinate system of a scintillation camera,
shown superimposed on the crystal face. Outside the
coordinate system are shown examples of the X and Y
signals (short duration voltage pulses) resulting from
scintillation events occurring in different parts of the
crystal

the point of interaction. The position of the photon
interaction is determined from the amplitude distribution
of the pulses from the PMTs in the array caused by this
single gamma ray interaction. The pulse amplitude
distribution information indicates a spatial location of the
photon interaction, defined in X-Y coordinate system
(Fig. 2). In an analogue camera, the pulses from all the
PMTs are electronically processed after passing through
a pre-amplification stage and simultaneously sent to X, Y
and Z pulse arithmetic circuits (IAEA, 2006).

Signal analysis: The X and Y circuits are networks that
scale the pulse amplitudes in proportion to the X or Y
position of the original interaction in the coordinate
system, resulting in two analogue signals: X and Y; with
amplitudes proportional to the spatial coordinates of the
original interaction. In the Z circuit, the pulses are
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summed to provide a Z signal proportional to the total
energy deposited in the crystal by the photon interaction.
As the intensity of the scintillations increases with photon
energy, the PMTs output also increases, the X and Y
signals are normalized so that the positional information
is independent of the photon energy. The process is
performed in the energy correction circuit where the X
and Y signals are divided by the Z signal. Furthermore,
the Z signal is sent to the Pulse Height Analyzer (PHA).
If the Z signal falls within the PHA window set for the
radionuclide in use, the PHA enables the X-Z and Y-Z
signals to be recorded. In an analogue camera, this is
usually achieved in a cathode ray oscilloscope (IAEA,
2006). 

Image processing: The face of the oscilloscope is
normally kept dark by blocking the electron beam with a
negatively biased grid. When the amplitude of the Z
signal falls within the preset PHA window, an unblanking
signal is generated, which causes the grid to become
positive and allows the beam to pass. At the same time,
the X-Z and Y-Z signals are used to deflect the beam,
causing a brief flash to appear on the oscilloscope face at
a position corresponding to that of the original
scintillation. If a persistence oscilloscope is used, the
flashes remain visible sufficiently long to form an image
on the persistent phosphor screen. If a conventional
oscilloscope is used, or an image formatting device
incorporating such an oscilloscope, a permanent record is
obtained by recording the flashes on film for a preset
count or a preset time. The X-Z and Y-Z signals may also
be digitized by Analogue to Digital Converters (ADCs)
for storage and later processing on a computer that is
directly interfaced to one or more scintillation cameras.
The Z-pulse is used to start the digitization of the position
pulses. In digital scintillation camera designs, digitization
is accomplished at each PMT and the pulse position is
calculated (IAEA, 2006).

Performance characteristics: The intrinsic and
tomographic evaluation has been described by the IAEA
document (IAEA, 1991).

Flood-field uniformity: The flood-field uniformity or the
response to uniform irradiation describes the degree of
uniformity of count density in the image when the
detector is “flooded” with a spatially uniform flux of
incident gamma radiation, or alternatively, the degree of
constancy of count rate from a collimated point source
when the source is moved over the field-of-view. 

Intrinsic uniformity is the degree of uniformity
exhibited by the detector itself when flooded. It is
quantified in terms of the maximum variation in count

density over the entire field-of-view (integral uniformity)
or in terms of the maximum rate of change of count
density over a specified distance (differential uniformity)
(IAEA, 1991). A small variation or rate of change #3.70
corresponds to perfect uniformity (Siemens Medical
Solutions, 2006). 

Count rate performance: The count-rate performance of
a scintillation camera describes the non-linearity in the
relationship between the count rate and the intensity of
incident gamma radiation, and also the spatial
displacements in the image that occur as a result of high
count rates (IAEA, 1991).

Energy resolution: Energy resolution is a performance
characteristic of a scintillation camera that describes its
ability to distinguish between photons of different
energies, in particular between primary and scattered
radiation (IAEA, 1991)

MATERIALS AND METHODS

NEMA protocols: The intrinsic and tomographic
evaluation was performed according to National Electrical
Manufacture’s Association, NEMA (2001) protocols
(Aswegen, 2005). NEMA develops standards or protocols
for testing and evaluating equipment, and promotes safety
in design, manufacture and use of electrical products.
NEMA develops standards and government regulations
through which members acquire information on industry
and market economics (NEMA, 2001).

The SPECT gamma camera was installed in October
2005 and the study was conducted from 31st October to 4th

November 2005 at the Nuclear Medicine Department,
Korle-Bu Teaching Hospital, Accra, Ghana.

System installation:  The SPECT system and accessories
installed at the Nuclear Medicine Department of Korle-Bu
Teaching Hospital, Accra (Ghana) consisted of Patient
Bed Collimator Server with High Energy (HE), Low
Energy All Purpose (LEAP), Low Energy High
Resolution (LEHR) collimators, Single Head Gamma
Camera, Phantoms and Holders Gantry, Cardiac Stress
System, Defibrator Premedic, 80G HHD Dell computer,
a Xerox Phasor 6200 Printer, Uninterrupted Power
Supply, Circuit Breaker, Plexor DVD writer and an 8 Port
Net Gear Hub. 

The materials used for the performance
measurements  were  unsealed  radionuclide  in solution
(99 mTc in solution) for point source, lead pot, Whole body
scanning phantom, Jaszczak Phantom, Cold spheres,
capillary tubes and a phantom holder (Jig) containing five
point sources.
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Intrinsic uniformity: The intrinsic uniformity of the
system was measured and the integral and differential
uniformity for CFOV and UFOV was recorded (NEMA,
2001). Two intrinsic flood fields were acquired. One with
200 million counts and other with 10 million counts. The
point   source  activity was 20 :Ci and a matrix size of
1024×1024 pixels was used.

Intrinsic count rate performance in air: Radiation
source consisting of 99mTc with activity of 25 mCi was
used.  Counts  for  a  preset  time of 20 sec using a
128×128 matrix size was acquired using the Copper sheet
attenuation method.
 
Intrinsic energy resolution: A 99mTc point source was
used. An image was acquired at a preset count using a
matrix size of 1024×1024 pixel.

Whole body scanning: The performance of the whole
body scanning systems depends not only on the intrinsic
and system performance of the camera, but also on the
performance and alignment of the scanning mechanism.
The Whole body scanning phantom consists of four
capillary tubes filled with 99mTc of activity 14 mCi/mL.
Two tubes were placed 10 cm apart parallel to the motion
direction and two other tubes (also 10 cm apart)
perpendicular on the whole body scanning table (patient
couch) at a distance of 10 cm from the detector. The Low
Energy High Resolution (LEHR) collimator was to
acquire a    whole   body   scan using a matrix size of
1024×256 and a scan speed of 12 cm/min. 

SPECT resolution without scatter: Jaszczak Phantom
containing two capillary tubes filled with 99mTc was used
to measure the tomographic resolution of the system. The
Low Energy High Resolution (LEHR) collimator was
used. A non-circular orbit with smallest radius in the X
and Y dimensions was used. Images were acquired for 30
sec each using a matrix size of 128×128 with 128
projections through 360º.

SPECT resolution with Inserts: Cold spheres and cold
inserts were fitted to the Jaszczak Phantom which was
filled with water and an activity of 14 mCi 99mTc was
injected into it. The Low Energy High Resolution (LEHR)
collimator was used. A non-circular orbit with smallest
radius in the X and Y dimensions was used. Images were
acquired for 30 sec each using a matrix size of 128×128
with 128 projections through 360º.

SPECT uniformity: Cold spheres and cold inserts were
fitted into the Jaszczak Phantom and filled with water and
an activity of 14 mCi of 99mTc. Uniformity analysis was
performed on a slice during the SPECT resolution with
inserts procedure.

Fig. 3: Intrinsic uniformity (200M count image)

Fig. 4: Intrinsic uniformity (10M count image)

Fig. 5: A graph of counts against energy/KeV

Center of rotation: A special phantom holder (Jig)
containing five point sources was used. The centre of
rotation correction was acquired according to the Standard
Siemens procedure. The Low Energy High Resolution
(LEHR) collimator was used to acquire over 120 views
using a matrix size of 128×128, 50 KCts (Kilo Counts)per
view through 360º. The procedure wasrepeatedwiththe
Low Energy All Purpose (LEAP) collimator mounted on
the detector head.

RESULTS 

Intrinsic uniformity: The images for the 200 million
count  and  that  of  the  10 million counts are shown in
Fig. 3 and 4, respectively. Uniformity values were
calculated using the e.softturbo software.  Table 1 gives a
summary of the results.
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Table 1:  Intrinsic uniformity values for siemens e.cam gamma camera SPECT system 200 M count image
200 million counts 10  million counts Specification (200 million counts)
--------------------------------------------- ------------------------------------------ ------------------------------------------------
UFOV (%) CFOV (%) UFOV (%) CFOV (%) UFOV (%) CFOV (%)

IU 2.14 2.14 4.65 4.07 # 3.70 # 2.90
DU 1.53 1.53 2.27 1.95 # 2.70 # 2.50
UFOV: Useful Field Of View; CFOV: Central Field Of View; IU: Integral Uniformity; DU: Differential Uniformity

Intrinsic count rate performance in air: Count rate
performance in air was measured using the copper plate
attenuator method instead of the official NEMA method
which is too time consuming. This technique is listed in
the NEMA document as a viable alternative (NEMA,
2001). 

From these data the count rate response at 20% count
loss was determined as 281.9 kilocounts per second (kcps)
using the e.soft turbo software. This indicates a maximum
observed count rate in excess of 300 kcps which
unfortunately could not be determined experimentally due
to the thicknesses of the copper plates.  Siemens specifies
“typical values” for the intrinsic count rate performance
as 310 kcps. The observed count rate response therefore
confirms this value (Geldenhuys et al., 1988).

Intrinsic energy resolution: An energy spectrum was
acquired and individual counts/energy values were read
from the spectrum using e.soft software and plotted by
Microsoft Excel as shown in Fig. 5. A polynomial
trendline equation with regression of 0.9952 fitting the
data was generated as in Eq. (1). 

 y = -0.0098x6 + 8.1307x5 - 2820.3x4 + 521118x3 
- 5E+07x2 + 3E+09x - 7E +10  (1)

The radionuclide (Technetium-99 m) spectrum
peaked at 140 keV. The FWHM values of intrinsic energy
resolution of 9.31% was obtained.

Whole body scanning measurement: Line spread curves
were generated from the image in both directions yielding
FWHM values of 7.59 mm (axial) and 7.89 mm
(longitudinal).

No specification values were available for this
parameter.  The results however indicate that the
resolution parallel to the motion direction and
perpendicular to the motion direction is very similar and
minimal distortion (of 0.40 mm) in the whole body
images could therefore be expected.

SPECT resolution without scatter: Transaxial slices
(one pixel thickness) were reconstructed using Siemens
Icon software (UFS). Filtered back projection was
performed using a Butterworth filter (cut-off 0.5 Nyquist;
order 5). Line spread curves were generated from the
resulting image. A Full Width at Half Maximum
(FWHM) resolution value of 12.37 mm was obtained. No
specification exists for this parameter. The measured
values can serve as baseline for future measurements.

Fig. 6: Jaszczak phantom with inserts

Fig. 7: Image point sources during COR correction using LEHR
collimator

Table 2: Uniformity parameters (%) obtained with data spectrum
phantom

UFOV CFOV
IU 8.83 6.70
DU 4.66 4.51

Table 3: COR results for LEAP and LEHR collimators
Max. X (Pixels) Min. X (Pixels) RMS

LEAP 0.173 -0.081 0.100
LEHR 0.058 0.034 0.083

SPECT resolution with inserts: Transaxial slices (two
pixel thickness) were reconstructed using Siemens Icon
software (UFS). Filtered back projection was performed
using a Butterworth filter (cut-off 0.75 Nyquist; order 7).
On the resulting images all the cold spheres could be
identified (Fig. 6). While four of the six rod sections were
clearly resolved (Fig. 6).

SPECT uniformity: Uniformity analysis was performed
on a slice showing only the flood image. The results are
shown in Table 2.

Center of rotation (COR): Standard e.softturbo software
was used to process the two studies. (Fig. 7 shows a
typical  image  of  the  position  of  the point sources).
Table 3 shows the results obtained.
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DISCUSSION

NEMA protocol is accepted and approved procedure
for performance evaluation (acceptance testing and
quality control) of gamma cameras. The intrinsic and
tomographic evaluation on Single Head Siemens e.cam®

SPECT system at Korle-Bu Teaching Hospital with 3/8"
crystal was performed according to NEMA protocol
(NEMA, 2001). The evaluation ensured that the e.cam®

system met specifications required by users and
capabilities of the manufacturer.

The results of the evaluation would also serve as
reference data for quality control measurements. 

No value for system flood field Table 1 shows that
the uniformity values obtained with the 200M count
image are better than those with the 10M count image, as
was expected.  The values obtained with the 200M count
image are better than the specification. Although the IU
and DU values of the 10M count image were not specified
these values can be used as baseline values for future QC
measurements when 10M count images are acquired.  A
double Gaussian fit used to obtain the FWHM value for
the intrinsic resolution which resulted in a value of 9.31%
which is well within the specified value of #9.9%.

Siemens   specification  for  center of rotation is that
Max. X-Min. X<1 pixel and RMS<0.5 pixel. The
measured values are all well within the specified limits
and are therefore acceptable.

Whole body scanning, SPECT resolution without
scatter, SPECT resolution with inserts and SPECT
uniformity didn’t have a specifications and the values
obtained can be used as baseline for quality control.

CONCLUSION

Intrinsic and tomographic evaluation has been
performed as part of the acceptance testing of the Siemens
e.cam Signature Series (Single Head) Single Photon
Emission Computed Tomography (SPECT) system - the
first of its kind, at the Nuclear Medicine Department,
Korle-Bu Teaching Hospital, Accra.

Data obtained during the study was used to make
various quantitative analysis. The results from the
intrinsic flood uniformity for 200M counts and intrinsic
energy resolution were better than factory specification
whiles intrinsic count rate performance was within
manufacturer’s specifications. 

The results of the COR was lower than the specified
values. Whole body scanning, SPECT resolution without
scatter, SPECT resolution with inserts and SPECT
uniformity didn’t have specifications and the values
obtained can be used as baseline for quality control. 

The outcome of the evaluation confirmed that the
system is in good working conditions and can be used for
medical diagnosis.
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