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ABSTRACT

Objective: In recent years, gamma cameras with semiconductor detectors
(CdzZnTe) have entered routine practise diagnostic scintigraphic imaging in
nuclear medicine. In this study, we aimed to compare the performance
characteristics of a gamma camera with a semiconductor detector
(CdZnTe) and a conventional gamma camera with a Nal(Tl) detector.
Material and Methods: In our experimental studies, spatial resolution,
energy resolution, and linearity tests were performed using 3 capillary
tubes of the same length and thickness, into which the Tc-99m radioisotope
with different activities was placed. Sensitivity tests were performed by
placing Tc-99m in a plastic Petri dish with a diameter of 3 cm. Scintigraphic
images of the capillary tubes and the Petri dish were taken with both
gamma cameras under equal geometric conditions. Regions of interest
(ROI) were drawn on the images. The activity amount corresponding to
the counts in the ROl was determined.

Results: The spatial resolution, energy resolution, and sensitivity values of
the gamma camera with the CdZnTe detector and the gamma camera with
Nal(Tl) detector are respectively: 7.16 mm, 5.1% and 17.5 cps/uCi for
CdzZnTe, and 13.2 mm, 9.4% and 3.9 cps/uCi for Nal(Tl) uCi respectively.
Conclusion: According to the results of our study, it was concluded that
the energy resolution, spatial resolution, sensitivity, and linearity
properties of the gamma camera with the semiconductor CdZnTe detector
are superior to those of the gamma camera with the Nal(Tl) detector.
Keywords: Gamma camera, semiconductor detector, CdZnTe, energy
resolution, spatial resolution
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Amag: Son yillarda yari iletken dedektérlere (CdZnTe) sahip gama kamera-
lar, niikleer tipta tanisal sintigrafik goriintilemede rutin uygulamaya gir-
mistir. Bu galismasinda, yari iletken dedektorli (CdZnTe) bir gama kamera
ile Nal(Tl) dedektorlti konvansiyonel bir gama kameranin performans
ozelliklerinin karsilastiriimasi amaglanmistir.

Gereg¢ ve Yontemler: Deneysel calismalarimizda, farkli aktivitelerde
Tc-99m radyoizotopu yerlestirilen ayni uzunluk ve kalinliga sahip 3 kapiller
tup kullanilarak uzaysal ¢oztnrlik, enerji ¢oztinurlugl ve dogrusal testler
yapilmistir. Duyarlilik testleri ise 3 cm ¢apinda plastik petri kabina yerlesti-
rilen Tc-99m ile gergeklestirilmistir. Kapiler tiplerin ve petri kabinin sintig-
rafik gériintileri her iki gama kamera ile esit geometrik kosullar altinda
alinmistir. Goruntiler Gzerinde ilgi bolgeleri (ROI) cizilmistir. ROI'deki
sayimlara karsilik gelen aktivite miktari belirlenmistir.

Bulgular: CdZnTe dedektérlii gama kamera ile Nal(Tl) dedektorli gama
kameranin uzaysal ¢ozunarlik, enerji ¢éztnurliga ve duyarhhk degerleri
sirastyla; CdZnTe igin 7,16 mm, %5,1 ve 17,5 cps/uCi, Nal(Tl) igin ise 13,2
mm, %9,4 ve 3,9 cps/uCi olarak bulunmustur.

Sonug: Calismamizin sonuglarina gore, yari iletken CdZnTe dedektorli
gama kameranin enerji ¢ézinurligl, uzaysal ¢ézlnirligu, duyarliig ve
dogrusal 6zelliklerinin Nal(Tl) dedektorli gama kameraya gore Ustiin oldu-
8u sonucuna varilmistir.

Anahtar Kelimeler: Gama kamera, yari iletken dedektér, CdzZnTe, enerji
¢OzUnUrlugu, uzaysal ¢éztinurlik
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INTRODUCTION

Nuclear medicine is a scientific discipline in which the diagnosis
and treatment of diseases are conducted through the administ-
ration of radiopharmaceuticals into the body. Distinguishing
itself from anatomical imaging systems, its primary advantage
lies in providing images that reflect the biological processes
of organs at the cellular and molecular levels. Nuclear medi-
cine also encompasses significant complementary methods
for conventional radiological imaging. One of the scintigraphic
imaging devices used in nuclear medicine is the gamma came-
ra. The more advanced version of these devices, allowing for
tomographic imaging, is referred to as Single Photon Emission
Computerised Tomography (SPECT) gamma cameras. In eva-
luating the operational performance of a gamma camera, the
homogeneity, linearity, energy resolution, spatial resolution,
system sensitivity (or efficiency), and count rate performances
are assessed (1, 2).

The primary aim of developing CZT gamma cameras has been
to enhance image contrast by achieving better energy reso-
lution while maintaining a spatial resolution comparable to
that of scintillation cameras equipped with a low-energy high-
resolution (LEHR) collimator, typically yielding 8-9-mm FWHM
at a distance of 10 cm from the collimator face, a scenario
common in most clinical examinations. In addition to designing
the imaging system, automatic handling and assembly methods
were developed to ensure detector positioning accuracy and
enable cost-effective manufacturing and maintenance in the
long term (3).

Following the recognition of the superior characteristics of se-
miconductor technology in ionising radiation detection, it has
also been incorporated into gamma cameras. CdZnTe detector-
based gamma cameras have been particularly employed for
cardiac scintigraphy, and their usage is progressively expanding
in contemporary practise (4).

The spatial resolution performance of the CZT is ultimately
constrained by the size of the electron cloud and the diffusion
of electrons within it. Resolution refers to the full width at half
maximum (FWHM) of the camera’s response to full photopeak
radiation emitted from a line source positioned with its longitu-
dinal axis aligned along a major axis of the crystal. While other
parameters also contribute to describing the resolution, such as

those outlined below, FWHM is commonly used to characterise
scanning collimators. It proves valuable in illustrating perfor-
mance fluctuations concerning differing gamma-ray energies,
source-collimator distances, and variations across the crystal’s
surface (5).

The CZT detector offers a significant advantage in terms of en-
hanced energy resolution. The determination of energy reso-
lution hinges upon several factors: (a) Electronic noise stem-
ming from the input stage of the preamplifier, inclusive of the
capacitance and leakage current inherent to the detector; (b)
Linewidth attributed to the stochastic characteristics of charge
generation; and (c) Fluctuations arising from the trapping of
charge carriers within the detector. Linearity is the characte-
ristic of a gamma camera that dictates its capacity to accurately
replicate the spatial distribution of an isotope (6).

Sensitivity is quantified as the proportion of gamma rays that
interact within the detector compared to the total number in-
cident upon it. It serves as a crucial determinant of the camera
system’s efficacy. Inadequate detector design can lead to sub-
par overall performance (4).

This study aims to compare the performance characteristics of
spatial resolution, linearity, energy resolution, and sensitivity
between conventional gamma cameras with Nal(Tl) detector
material and gamma cameras with the CdZnTe (semiconductor)
detector material of the same brand.

MATERIALS AND METHODS

Experimental materials and radionuclide activities

Tc-99m activities were measured using a dose calibrator, and
the solutions were prepared in separate vials at concentrations
of 1 mCi/5ml, 2 mCi/10ml, and 3 mCi/15ml, respectively. From
each vial, Tc-99m solutions were drawn into capillary tubes with
internal diameters of 1 mm, lengths of 7.5 cm, and volumes of
0.8 ml. The tube ends were sealed with putty. The activity wit-
hin the tubes was measured using a dose calibrator, and the net
Tc-99m activities were determined after the background count
corrections. The measurement times were recorded. The tubes
were placed on a cardboard surface with a 4- cm spacing bet-
ween them and were securely fixed in preparation for imaging.

Gamma cameras and imaging techniques
The experiments were conducted on two different gamma ca-

Table 1: GE Brand Discovery NM 530c Brand CdZnTe Detector and GE Tandem
Discovery 630 Nal(Tl) detector gamma camera physical properties

Physical properties GE discovery NM 530c GE Tandem discovery 630

Crystal thickness 5mm 12.4 mm
Detector material CdZnTe Nal(TI)
Gamma camera type SPECT SPECT
Collimator type Pin Hole Parallel Hole (LEHR)
Detector density 5.78 g/cm?® 3.76 g/cm?
Light transformation 100% 13%

Dead time No >20000 counts

GE: General Electric, NM: Nuclear Medicine, CdZnTe: Cadmium Zinc Tellure, Nal(Tl): Sodium lodure
(Thallium), SPECT: Single Photon Emission Tomography
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Figure 1: Capillary tube in different planar section images (A) short axis (axial) section (B) long
axis (sagittal) section (C) long axis (coronal) section D) petri dish. (outer contours are ROI plots)

meras. One of them is the GE brand, Discovery NM 530c model,
with a CdZnTe detector Gamma Camera. The detector assembly
consists of a multi-pinhole collimator. Each pinhole in the block
illuminates a solid-state pixellated gamma-ray detector made
of CZT. Similarly, each pinhole and detector creates a complete
miniature gamma camera. The other is the GE brand, Tandem
Discovery 630 model, with a Nal(Tl) detector and LEHR collima-
tor gamma camera. The technical specifications of these gamma
cameras are provided in Table 1.

The capillary tubes were imaged under identical geometric con-
ditions in two different gamma cameras. The distance between
the detector and the tube was kept constant at 18 cm. Image
acquisitions were performed based on the total counts according
to the clinical imaging procedure. The imaging durations for the
Discovery NM 530c and Tandem Discovery 630 devices were 7
min and 6.04 min, respectively.

Image quantifications

Image quantifications were conducted on the gamma camera
workstations. Images were transferred to the workstation, and
regions of interest (ROIs) were drawn around the tubes. Total
counts within the ROIs were determined. Activity loss corrections
were applied separately for each capillary tube. Count/activity
quantities were determined for each of the three tubes.

Spatial resolutions for gamma cameras were extracted separa-
tely for tubes with three different activities. Count variation data
between 0 and 40 mm in SPECT axial section images of the tubes
were determined. These position-count data were transformed
into a Gaussian fit graph using the mathematical formulas be-
low, allowing the calculation of spatial resolutions and energy
resolutions (7).

Spatial resolution, FWHM = 2.d.V2.In2

Spatial resolution

Energy resolution, FWHM % = 100

Gamma Energy of Radionuclide x

2.d.N2.In2

% =
FWHM % 140 keV

.100

The linearity measurements were derived from the count mea-
surements of the capillary tubes with three different activities.
Linearity was determined by plotting the count-activity variations
of tubes separately imaged and the ROIs drawn in the gamma
cameras.

For sensitivity measurements, a 0.5 mCi/3ml Tc-99m solution
was placed in a 3 cm diameter plastic Petri dish. The net activity
was first measured in the dose calibrator, and the measurement
time was recorded. The Petri dish was imaged for a duration
of 7 min with a fixed geometry in both gamma cameras. The
images were transferred to the workstation, and ROls were
drawn to determine the count/activity (cps/mCi) quantities.

RESULTS

Energy resolution and spatial resolution

The count variations in the axial section (short axis) images of
three separate capillary tubes in the Tandem Discovery 630
device were determined by drawing ROIs in the 0-4 mm length
region (Figure 1). Counts were transferred to the ImageJ prog-
ramme, and the position-count variations were subtracted in
ImageJ. Gaussian position-count variation graphs were obtai-
ned using these graphs. Spatial resolutions (mm) and energy
resolutions (%) for each gamma camera were then calculated

Table 2: Spatial Resolution (mm) and percentage Energy Resolution Values of the Tandem Discovery 630 Model Gamma
Camera with Nal(Tl) Detector and the GE Brand Discovery NM 530c Model (CdTeZn) Gamma Camera with the Detector

Tandem Discovery 630

Discovery NM 530c

1. Tube 2. Tube 3. Tube Mean 1. Tube 2. Tube 3. Tube Mean
Activity 1.015 2.08 3.09 2.06 1.015 2.08 3.09 2.06
(mCi)
Spatial resolution (mm) 14.221 12.724 12.683 13.210 6.854 7.267 7.377 7.166
Energy resolution (%) 10.158 9.089 9.060 9.435 4.896 5.191 5.269 5.119

NM: Nuclear Medicine, mCi: millicurie
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Table 3: Sensitivity Values of the Discovery NM 530c
Gamma Camera and the Discovery NM 630 Gamma Camera

Discovery NM 530c Tandem discovery

630
Activity (uCi) 44 40
Counts (cps) 7760.6 1534.7
Sensitivity (cps/uCi) 17.5 3.9

NM: Nuclear medicine, puCi: microCurie, cps: Count per second

for three different tubes and three different Tc-99m activities.
Average values were subsequently obtained. Table 2 provides
the spatial resolution (mm) and % energy resolution values for
the GE Tandem Discovery 630 model Nal(Tl) detector gamma
camera, while Table 3 presents the spatial resolution (mm) and
% energy resolution values for the GE Discovery NM 530c mo-
del (CdTeZn) detector gamma camera.

Linearity

Variations between the ROI counts of the capillary tubes with
three different Tc-99m activities and the measured net activity
quantities (UCi) in the dose calibrator were plotted (Figure 2
and Figure 3). In Figure 3, it is observed that the linearity of the
semiconductor gamma camera with the CdZnTe detector ma-
terial perfectly coincides with the x =y (first bisector) line and
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Figure 2: Count-activity linearity graph of the Discovery Tandem
630 model gamma camera
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Figure 3: Count-activity linearity graph of the Discovery NM
530c model gamma camera
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passes through the origin. The linearity curve of the conventi-
onal gamma camera with Nal(Tl) detector material, however,
deviates from the origin to some extent, and the linearity is
disrupted at count rates >20 cps/uCi.

Sensitivity

The sensitivity values calculated using the petri dish (cps/uCi)
for the Discovery NM 530c CdZnTe detector gamma camera
are presented in Table 3 and those for the Tandem Discovery
630 Nal(Tl) detector gamma camera are presented in Table 3
The sensitivity values for the Discovery NM 530c and Tandem
Discovery 630 gamma cameras were found to be 17.52 cps/uCi
and 3.905 cps/uCi, respectively.

DISCUSSION

Semiconductor-based gamma cameras are preferred in nuclear
medicine clinics over gamma cameras using Nal(Tl) detector
material due to their superior spatial resolution, energy reso-
lution, higher sensitivity, and better linearity. Because of these
superior performance characteristics, scintigraphic images of
higher quality can be obtained in a shorter time and with les-
ser number of radiopharmaceuticals. In his study, Barber HB
emphasised that semiconductor (CdZnTe) detectors yield good
results in terms of spatial resolution and energy resolution in
the field of nuclear medicine. He reported that the energy re-
solution of semiconductor gamma cameras with a CdZnTe de-
tector material is 8% at 140 keV, while conventional gamma
cameras with Nal(Tl) detectors have an energy resolution of
11% (8). John K. Hartwell reported an energy resolution of 7.6%
for the CZT cameras and 14% for Nal(Tl) detector gamma came-
ras at 140 keV (9). Oliver Gal et al. found an energy resolution
of 4.5% for semiconductor detector gamma cameras and 13%
for Nal(Tl) detector gamma cameras at 662 keV (10). Agostini
et al. reported an energy resolution of 6% for CZT cameras
at 140 keV and 10% for conventional gamma cameras with
Nal(Tl) detectors (11). Our results, with an energy resolution
of 5.1% for the CdZnTe detector gamma camera and 9.4% for
the Nal(Tl) detector gamma camera at 140 keV, are consistent
with the literature data.

Analysing recent publications, Hugg et al. reported an energy
resolution of 3.6% at 140 keV, a system spatial resolution of 6.8
mm, and a sensitivity of 11.4 cps/uCi for semiconductor CZT
cameras (12). When compared to our results, it appears that
the spatial resolution, energy resolution, and sensitivity values
reported in recent studies are superior. This improvement in
the performance parameters may be interpreted as ongoing
advancement in the detector and gamma camera technology
over time.

The spatial resolution test results investigated by Abe, A. et al.
found a system spatial resolution of 2.2 mm at the FOV centre
and a sensitivity of 11,052 cpm/MBq (13). In our results, the
spatial resolution was 7.16 mm for the CdZnTe detector gamma
camera and 13.21 mm for the Nal(Tl) detector gamma camera.
Our sensitivity values were 17.518 cps/uCi for the Discovery
NM 530c gamma camera and 3.905 cps/uCi for the Discovery
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NM 630 gamma camera.

The sensitivity of the CZT camera was assessed in comparison
to a 3/8” Nal(Tl) spot crystal Anger camera employing identical
geometrical configurations. Energy windows of 6% and 10%
were applied to the CZT and Nal detectors, respectively. The
sensitivity of the CZT camera was determined to be 70% of
that of the 3/8” Nal camera. This implies that approximately
60% of the incident 140 keV gamma photons were detected
within the photopeak in the CZT (14). According to our results,
the sensitivity of the semiconductor gamma camera was de-
termined to be 77.5% better than that of the Nal(Tl) detector
gamma camera.

When the response variations of gamma cameras to activity
increases (linearity) were examined; it was found that in Figure
2, when sensitivity is >20 cps/uCi, linearity is disrupted due to
the dead time related to the activity increase. In contrast, it
was observed that the linearity of the CdZnTe detector gamma
camera perfectly coincides with the x=y (first bisector) line and
passes through the origin. Additionally, no linearity disrupti-
on due to the activity increase was observed in the examined
range. This indicates that the linearity of the semiconductor
detector gamma camera is more stable.

In addition to the advantages of semiconductor detectors,
there are some disadvantages. One of the most significant is
their limited field of view (FOV), making them unsuitable for
scintigraphic imaging of organs other than the heart due to
their small FOV. Nowadays, wider FOV semiconductor detec-
tor gamma cameras are also used. However, their high prices
are a disadvantage for cameras with semiconductor detectors.

CONCLUSION

In this study, the technical performance of two gamma cameras
based on different technologies from the same manufacturer
was experimentally measured. According to our results, the
sensitivity of the CdZnTe camera was found to be 4.48 times
higher than that of the other camera. Consequently, it would
be possible to reduce the amount of Tc-99m activity used in
myocardial perfusion scintigraphy by the same factor. It was
determined that using the CdZnTe camera for myocardial per-
fusion scintigraphy would reduce the patient’s radiation dose
by a factor of 4.48. Additionally, the study demonstrated that
the radiation exposure to the personnel performing the proce-
dure would decrease, the cost of radiopharmaceuticals would
be reduced, and the number of procedures performed daily
could be significantly increased.
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