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Abstract

Purpose of the Study: Scattered gamma photons in single photon emission computed tomography (SPECT) is one of the main issues that
degrade the image quality. There are several types of scatter correction methods. However, none of the technique is applied in routine
clinical Tc-99m SPECT imaging. Therefore, Zinc (Zn) material filter was constructed for pre-filtration of scattered gamma photons in
Tc-99m single photon emission computed tomography (SPECT).

Materials and Methods: Tc-99m radioactivity was administered into the Carlson’s phantom. Planar and tomographic data were acquired
with and without hot regions insert, respectively, with and without material filter. Scatter to non-scatter ratio was measured from the
photopeak region of Tc-99m spectra. Tomographic images were generated using filtered back projection method. Contours on images
were drawn with ImageJ software. Images obtained with and without material filter were analysed in terms of detectability of hot
regions.

Results: Remarkable decrease (= 21%) in the ratio of scattered to non-scattered gamma photons with material filter was achieved.
Detectability of smaller hot regions with material filter was enhanced. In terms of sizes of all hot regions, material filter results appear

closer to the original sizes.

Conclusion: Material filter technique could be applied in Tc-99m clinical SPECT, while organ phantom studies are needed.
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1. Introduction

Single photon emission imaging; planar and tomography have
played a significant role in the diagnosis of diseases. This imaging
modality provides important functional information of the organ /
body part under investigation. However, detection of scattered
gamma photons in image data limits the performance of the tech-
nique. Due to poor energy resolution of imaging equipment, up to
40% of scattered gamma photons are detected in the standard en-
ergy window (20% centered at 140 keV) data which degrades the
quality of reconstructed image [1-2]. In order to overcome the
scattered gamma photons issue, researchers have developed a
number of scatter correction techniques, as mentioned in a review
on scatter correction techniques by [1,3] such as; use of an effec-
tive attenuation coefficient value, window subtraction, and com-
putational techniques. Unfortunately, in patient studies none of the
scatter correction techniques are being used, primarily due to im-
plementation issues, high cost and unreliable outcome [1].

Another approach may be termed as unconventional pre-filtering;
material filter technique, which was introduced by [4,5] in Tc-99m
planar imaging. This technique is developed on the fact that scat-
tered gamma photons possess low energy as compared to non-
scattered. Thus, preferentially more scattered gamma photons are
absorbed by the material filter due to their comparatively less
energy. The material filter either can be installed over the outer

surface of the gamma camera collimator or between the collimator
and the scintillation detector. Therefore, a significant fraction of
the scattered gamma photons would be pre-filtered from the image
data. Moreover, this technique may be called as the online scatter
reduction technique. Recently, thin flat sheets of Tin (Sn) [6] and
Copper (Cu) [7] materials were used as absorbers of scattered
gamma photons in Tc-99m SPECT. Tin and Copper filters show
reduction in scatter fraction and improvement in image quality
with material filters as compared to unfiltered data images. How-
ever, a thin flat sheet of Sn is fragile, and Cu has the tendency to
easily bend. This makes it difficult to keep the filters safe from
cracks and flat for use by mounting on the outer surface of gamma
camera collimator. Therefore, the aim of this study is to construct
a material filter from a flat sheet of another material; Zinc (Zn) to
preferentially absorb some fraction of scattered gamma photons
before reaching the scintillation detector — Nal (TI) — of the gam-
ma camera. This filter has been constructed for Tc-99m (140 keV)
considering the most common use as a radionuclide in single pho-
ton emission computed tomography. In addition, earlier studies
show the effect of Zn 0.2 mm thick material filter on spatial reso-
lution, system uniformity and system volume sensitivity, [8] con-
trast, signal-to-noise ratio (SNR), detectability of Tc-99m SPECT
hot and cold regions [9]. Improvement in spatial resolution, con-
trast (smaller hot and cold regions), SNR and detectability was
achieved. In this work, measurement of scatter to non-scatter ratio
from the photo peak region (126 — 164 keV) of Tc-99m spectra
and image quality of transverse images of hot regions has been
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investigated. It is expected that; the use of zinc material filter can
play a vital role in enhancing the quality of Tc-99m SPECT imag-
es.

2. Material and methods

Several materials were considered based on certain material char-
acteristics, such as the atomic number, thickness and purity. In this
regard, Aluminum (Al), Ferrum (Fe), Nickel (Ni), Copper (Cu)
and Zinc (Zn) were thought-out to be suitable materials for the
construction of a material filter. Theoretical calculations were
made for 0.1 to 0.4 mm thicknesses with 0.1 mm increment in
order to establish the reduction fraction of various gamma photon
energies [8]. Based on the calculations of percent attenuation for a
range of gamma photon energies, the thicknesses 0.1 and 0.2 mm
of Zn material were found useful for Tc-99m (140 keV) radionu-
clide imaging [8]. A flat sheet of Zn material 0.2 mm thick was
used (0.1 mm was not available). The accuracy of thickness of the
sheet was measured by an electronic Vernier Caliper. The reading
was repeated for three times, +/- 0.01 mm error in the thickness
was found. Constructed Zn material filter is shown in Figures 1
and 2. Furthermore, in order to make sure that there are no cracks
in the sheet and verify the purity and presence of other elements in
the material of filter, SEM and EDX analyses were performed.

Laminating paper (80g)

Aluminum strip (frame)
(1 ¢m wide, 0.2 c¢m thick)

1

L

/

Zine (0.2 mm)
Fig. 1: Show the schematic diagram of Zn 0.2 mm thick material filter.
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Fig. 2: Show the Zn 0.2 mm thick material filter.

The surface morphology of filter material can be observed from
SEM image as shown in Figure 3. The EDX spectrum of Zn 0.2
mm (Figure 4), shows an intense peak located at ~1 keV, this re-
flects the presence of Zn element in sample and the table embed-
ded depicts the weight percent of Zn including other elements (Cu
and O).

50pm Electron Image 1

Fig. 3: Illustrate the surface morphology of Zn 0.2 mm material filter
applying scanning electron microscopy.
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Fig. 4: Depicts the Energy Dispersive X-Ray spectrum of Zn material and
table imbedded show the weight percent of Zn, Cu and O elements.

Cylindrical source tank of Carlson’s phantom filled with clean
water; injecting 15.5 mCi of Tc-99m radioactivity was scanned. A
visual indicator (i.e., ink) was added into the source tank to ob-
serve the uniform mixing of radioactivity. Air bubbles were re-
moved completely from the tank. Furthermore, the cylindrical
source tank was set to rest for about 30 minutes before scanning.
The Philips ADAC Forte dual head gamma camera was used. The
cylindrical source tank was positioned on the scanning table, par-
allel to the axis of rotation at the centre of gamma camera’s field
of view (FOV) and closer to the low energy high resolution colli-
mator (LEHR) at a distance of 2 cm. For plotting the spectra of
Tc-99m, count rate was recorded by setting various energy win-
dows from 54 keV up to 160 keV, with an increment of 8 keV
(i.e., 54 - 160, 62 - 160, ...... , and 156 - 160 keV). Each reading
was repeated for three times. For each window with and without
material filter, the duration of data collection was maintained at 5
seconds. Count rate was corrected for radioactive decay. The ratio
of scattered to non-scattered photons was obtained by measuring
the area under the photopeak using the trapezoidal approxima-
tion/area method [10].

For SPECT data collection, Carlson’s phantom with hot regions
insert was used. The procedure for preparation of phantom was
similar to as that decsribed earlier. A hot regions insert, comprised
of nine pairs of different diameters (4.7, 5.9, 7.3, 9.2, 11.4, 14.3,
17.9, 22.4 and 29.9 mm), eight pairs in a “V” shape positioned at
various locations (Figure 5) was placed into the cylindrical tank.
Holes simulating hot regions are drilled across the thick solid
block of transparent acrylic material. The quantity of radioactive
material (Tc-99m) administered into the phantom was 21 mCi.
Data were collected by Philips ADAC Forte dual head gamma
camera with Zn 0.2 mm material filter attached on the outer sur-
face of LEHR collimator and without material filter. The matrix
size used was 64 x 64 x 16. Standard energy window (20%) cen-
tred at 140 keV was adjusted. The phantom was positioned on the
patient table at equal distances from both detectors. Gamma cam-
era was rotated clockwise 3600, in oreder to collect image data for
all 120 projections. As compared to planar imaging, in SPECT the
distance of the cylindrical tank to the detector was little more, to
ensure that there was no collision between the heads of gamma
camera and the table top. Count rate per projection was maitained
about same for with and without material filter data. In this study,
120 projections were taken instead of 64 projections as recom-
mended by IAEA.[11] Also stated by[12] that high number of
projections could prevent formation of the star artefact and blur-
ring of the image. For reconstruction of images, all acquired
SPECT image data (with and without material filter) were pro-
cessed by using filtered back projection technique. A digital filter
(Butterworth) was used by choosing a 0.35 cycles/cm cut off fre-
quency and order 5. Chang’s method for attenuation compensation
was applied by selecting 0.12/cm linear attenuation coefficient
[13,14].
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Fig. 5: Cross-sectional view of R. A. Carlson’s phantom

3. Results

Figure 6 shows the ratio of scattered to non-scattered gamma pho-
tons with the use of Zn 0.2 mm and without and material filter. A
remarkable decrease (= 21%) in the scattered to non-scattered
ratio with material filter has been achieved.
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Fig. 6: Scattered to non-scattered gamma photon ratio in 126 — 154 keV
energy window with and without material filter

Scanning electron microscopy is helpful in characterizing the tex-
ture or surface morphology of solid materials, e.g., surface defects,
stains and deposits of impurities on the surface. As shown in Fig-
ure 3 SEM image revealed that the sample of Zn 0.2 mm material
has a smooth surface and free from defects and cracks. This type
of analysis of material filter was important, as it has an impact on
the adverse effect on the absorption and transmission of gamma
photons emanating from the object/phantom. Furthermore, the
EDX method provides quantitative information about the compo-
sition of the material under investigation. Figure 4 was achieved
by EDX method in which an intense peak reflects the dominancy
of Zn in the specimen over the other elements and was further
proved by the highest weight percent as shown in table imbedded
in Figure 4. Results of both tests SEM and EDX are suggestive
that Zn material is a suitable candidate for the construction and
implementation for pre-filtering of scattered gamma photons from
the projection data in Tc-99m SPECT.

SPECT images of hot regions with and without material filter, as
shown in Figure 7 were analyzed visually. For this purpose, good
quality transverse slices of hot region images were chosen by ex-
perienced staffs who are involved in analyzing the diagnostic im-
ages at the centre where data were collected. The same transverse
slice numbers of hot region images with and without material filter
were selected to avoid any inconsistency in image analysis. To
study the effects of material filter on image quality, contours on
hot region images were obtained by using ImageJ software [15].
The Image quality parameters being studied were hot regions de-
tectability and impact of material filter on the apparent size of hot
regions.
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Fig. 7: Transverse images of hot regions (a) without material filter and (b)
with material filter

The hot region image shown in Figure 8 was qualitatively evaluat-
ed. Contour and visual analysis show a significant improvement in
the image quality with material filter. Four hot region pairs are
clearly seen, and apparent size of hot regions is smaller with mate-
rial filter as compared to without material filter. The clear space
(no connectivity) between the fourth pair of hot regions with mate-
rial filter can be visualized as compared to without material filter.
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Fig. 8: Transverse images of hot regions (a) without material filter and (b)
with material filter. Contour on hot regions plotted using ImageJ software

4. Discussion

SPECT imaging inherits numerous problems, such as; poor energy
resolution and detection of scattered gamma photons in image
data. Studies show that approximately 40% scattered gamma pho-
tons are still present in the data collected within the standard ener-
gy window (126 — 154 keV) for Tc-99m radionuclide [2,16].
About 80% of the total scattered gamma photons is present in the
lower part of the photopeak window (below 140 keV) [17]. Fur-
thermore, literature shows that not only the single scatter but the
multiple scattered gamma photons which make about twenty per-
cent of the total scatter are also detected into the standard energy
window (20%) centered at 140 keV [1].

Results of scatter to non-scatter ratio study show that Zn 0.2 mm
material filter technique is effective and capable of removing a
remarkable fraction of object scattered (single + multiple) gamma
photons before they reach the detector of gamma camera. Material
filter preferentially absorbs the scattered gamma photons from the
photopeak region (126 — 154 keV) which have low energy, wheth-
er they are single or multiple scattered as compared to non-
scattered photons. Therefore, the image data could be considered
as free from a significant number of scatters. Furthermore, image
reconstruction techniques amplify the noise signals; therefore, in
routine clinical studies unwanted data are processed for generation
of images. Therefore, material filtered data would provide im-
proved quality of reconstructed images. In clinical Tc-99m
SPECT studies, inclusion of scattered photons which in principle
carry false positional information lead to the degradation of image
quality, if not removed from the projection data. Hence, pose the
difficulties in accurate diagnosis of diseases.

In clinical SPECT, best quality images are required to extract
information which is essential for the accurate diagnosis of the
disease. Scatter radiation degrade the image resolution, thus, accu-
rate diagnostic information from the reconstructed image of the
scanned object is not extractable. Moreover, in SPECT smaller hot
regions are most affected by scattered gamma photons as com-
pared to large sized regions. It is always difficult to detect small
regions/lesions in patient’s body; this scenario restricts the early
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detection of disease. Therefore, it becomes hard to provide best
possible services to patients.

Images obtained from material filtered data enhanced hot regions
detectability (Figure 8b), where smaller (11.4 mm diameter) hot
regions are visible as separate regions as compared to without
material filter (Figure 8a). Furthermore, gamma photons (scatter
plus non-scatter) travel outward in all directions from hot regions
towards the background, where scatter deviate from its point of
emission thus carry false positional information. Hence, hot re-
gions appear to be larger than their actual size in an image.
Whereas, material filter results (contours) show that, the apparent
size of hot regions is smaller in the image as shown in Figure 8b.
Therefore, the size of hot regions can be assumed closer to that the
actual size. In addition, material filtered images reflect the remov-
al of scattered gamma photons from the space between the hot
region pairs as indicated by yellow arrow in Figure 8b as com-
pared to without material filter (Figure 8a). Moreover, the red
arrow shows the narrow/sharp end of the shape “V” of eight hot
region pairs which cannot be seen as that in the unfiltered image.
Thus, material filter results strongly indicate pre-filtration of scat-
tered gamma photons from the projection data. These results are
consistent with the findings of earlier studies conducted by
[7,9,18-19] using different type of material filters for removal of
scattered gamma photons from the Tc-99m SPECT image data.

5. Conclusion

In conclusion, a flat sheet of Zn 0.2 mm thick material filter ab-
sorbs a considerable amount of object scattered gamma photons
prior to detection by the gamma camera. Hot region detectability,
particularly small regions was enhanced. In terms of sizes of all
hot regions, material filter provided results which appear closer to
the original sizes. The results of the material filter, suggest the use
of Zn 0.2 mm in clinical Tc-99m SPECT imaging subject to the
organ phantom studies and clinical trials.
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