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Abstract. Ring artifact appears on the image from SPECT (Single Photon Emission Computed
Tomography) imaging system is related to the uniformity. Generally, ring artifacts arose due to
the poor performance of the photomultiplier tubes (PMT) in the gamma camera. If one of the
PMT cannot perform optimally, defects known as ring artifacts on the image will occur.
Detecting the position of the PMT malfunction is a challenge. To study the detection of ring
artifacts due to PMT malfunction, artifact reconstruction was conducted by masking one of the
PMT on the gamma camera using a copper sheet sizes 4 X 4 cm® and thickness 1 mm. The
position of the copper sheet was varied on the horizontal (x) and vertical (y) axes from the
center of the detector. Jaszczak phantom without inserts (cold rods and sector cold rods) was
used as an imaging object during acquisition. The image results obtained are ring artifact if the
copper sheet is positioned on the (x,0), and half-ring artifact on the (0,y).

1.  Introduction

SPECT commonly use as a diagnostic imaging modality in nuclear medicine. It requires routine
quality control (QC) before being used to obtain a high-quality image. QC of the SPECT system
consists of three parameters; homogeneity, contrast, and spatial resolution [1]. Artifact, which causes
the poor image quality, that appeared on the image from SPECT imaging system must be considered.

Artifact is a defect that appears on digital image processing. Those artifacts arose from several
cases; such as from radiopharmaceutical sources [2], gamma camera [3], patient [4], and image
acquisition to reconstruction procedures [5]. Some methods conducted to detect and reduce those
artifacts. Analytical methods for identifying the circular and noncircular artifacts were introduced by
Gullberg [6]. O'Connor and Vermeersch tried to quantify the magnitude of ring artifact and its relation
with image noise [7]. The annular ring sampling technique was used for quantifying ring artifact on the
image by Madsen [8]. Nonetheless, the best way to minimize those artifacts that appear in the image is
by doing a better QC [9].

Ring artifact is related to the homogeneity parameter, in other words, uniformity of the image.
Generally, those artifacts arose from gamma cameras on SPECT imaging systems [10]. The gamma
camera consists of the collimator, NalTI crystals and PMT arrays in detecting the emitted radiation
from the radiopharmaceutical source used [11]. Ring artifact can be generated from angle-shifted
collimator from COR (Center of Rotation), which made mispositioning of radiation count in the image
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reconstruction [12]. Even using a multi-pinhole collimator design, the artifact still exists [13]. As well
hybrid system like SPECT-CT new design will generate artifacts [14]. The performance of PMT must
be considered too, consider temperature increased on one of the PMT in the array can generate serious
artifacts [15]. Likewise, one more important thing is maintaining the collimator from radioactive
contamination, and the motion of the patient cannot be ignored [16].

In this research, uniformity measurement was conducted based on the QC protocol using a double
head SPECT system. The Jaszczak phantom was used as an imaging object by removing the inserts
(cold rods and sphere rods) and Tc-99m used as a radiopharmaceutical source. Continuing from the
previous research [17], a PMT malfunction simulation was made by masking in face of the parallel
hole LEHR (Low Energy High Resolution) collimator which convinced as in front of PMT position
using the copper sheet. The position of the copper sheet then varied above, below, left, and right from
the center of one of the heads, so that the image results with artifact due to PMT malfunctions will be
obtained.

2. Methods

Figure 1. SPECT dual head imaging.

The SPECT variant Siemens Symbia E series intevo 16 with dual-head gamma cameras is used as
the imaging system (Figure 1). The measurement of uniformity used a Jaszczak phantom Flangeless
Deluxe type with the insert was removed so that it only a cylindrical phantom with a diameter of 20.4
cm, height 18.6 cm, and a volume of 6.4 L. Tc-99m radiopharmaceutical sources of approximately 3
mCi widely used as radioactive sources for imaging were mixed in water on the phantom until
uniformly distributed (resulting the activity concentration to be approximately 16 kBg/mL).
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Figure 2. Variation position of copper sheet ondetector; [1] (0,3), [2] (0,-3), [3] (3,0), [4] (-3,0).

The positioning of the copper sheet, size 4 X 4 cm” and thickness 1 mm, as shown in the Figure 2
was used to cover the PMT so that the incoming radiation was attenuated. It was done to reconstruct
the ring artifact in the resulting image and to simulate the malfunction of one of the PMT in the array
on the gamma camera. The phantom is positioned at the center of the FOV (Field-of-View). The
rotation of each gamma camera was 180° clockwise. The detector distance was set as close as the
phantom and two gamma cameras can be moved. Image acquisition was conducted for 15 minutes for
each copper sheet position. The resulting image slice was 128 slices with size 128 X 128 pixels and
slice thickness 0.3 cm. Furthermore, image reconstruction generated by using filtered back projection
technique and Shepp-Logan filter, including attenuation correction using Chang's method.

3.  Result and Discussion

The artifact image was reconstruction was shown in the Figure 3. Artifact that generated from these
images divided by three types; upper half-ring artifact, lower half-ring artifact, and possibly ring
artifact. The upper half-ring artifact generated from the PMT malfunction at position (-3,0), while for
the bottom half-ring artifact from position (3,0). For the full ring artifact, it was the result of PMT
malfunction which is at (0,3) and (0,-3). Therefore, it can be concluded that ring artifact will be formed
if the PMT malfunction is in position (0,y) with y € R. The difference between the ring artifact
generated at the PMT malfunction positions (0,3) and (0,-3) was the image slice numbers that artifact
founded. For position (0,3) ring artifact appeared on slice numbers 45-54, while for position (0,-3) ring
artifact appeared on slice numbers 85-94.

@) ) © )

Figure 3. Artifact image reconstruction from PMT malfunction at position (a) (0,3), (b) (0,-
3),(c) (3,0) and (d) (-3,0).
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The artifact image generated from the attenuation of copper material when the acquisition was
performed. Although it can still receive radiation from radiopharmaceutical sources, the PMT can be
considered degradation because the presence of artifact (both half-ring and full-ring) is visible. This
can be seen from the distribution of pixel values on image.

For the half-ring artifact, it generated because during acquisition each gamma camera only rotate
180° [18]. For the position of the malfunction (0,y), it will generate artifact on the COR during
acquisition. Logically the shape of the artifact with PMT malfunction (0,y) generate full circle
(without ring) according to the shape of the collimator used. The possibilities as to why those ring
artifact occured was emitted radiation scattering occurs in the copper sheet, thus it will produce
secondary electron and new emitted photon radiation that allowed into the PMT [19].

The shape of the ring artifact (both half and full) was not smooth on the sides considering the
LEHR collimator used will produce artifact at the edge [20]. To identify more accurate, it was
necessary to quantify the ring artifact on image. Plot profile from image was taken from image as
example shown in Figure 4, and the resulted plot profile in Figure 5. Thus the width of the ring is
measured using imagelJ. The width of the half ring (both generated above and below) was
approximately 4 cm. However, the full ring artifact has a ring width of approximately 1 cm, with an
annulus diameter of 2 cm. If the total measured from edge to another end edge of the ring artifact, the
full ring artifact is actually approximately the same size as the copper sheet used. In other words, the
reconstruction of ring artifact at the (0,y) position with a copper sheet was still incorrect.
Nevertheless, for predict the location of PMT malfunction, it can still be considered. By knowing the
generated form of the artifact (half-ring or full-ring), it can identify the problem of which part of the
PMT has been degradation or severe damaged.

Figure 4. Blue line and red line used for plotting the profile of artifact image.
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Figure 5. Plot profile distance in mm vs gray value generates from blue line (left) and red line (right).

4.  Conclusion

Detecting ring artifact due to PMT malfunction (masking at possible PMT position by copper sheet)
can be conducted by made acquisition of the phantom uniformity section. It can be studied to find out
the location of where the degraded PMT is. For using dual head gamma cameras which rotate 180°
during acquisition, ring artifact generated in half-ring form if PMT malfunction position at (x,0) and
full-ring form at (0, y) with x,y € R. These results probably can make it easier to repair the damage
that occurs to the gamma camera detector due to PMT malfunction. For the further investigation,
analysis of the position of the PMT malfunction that produces ring artifact can also be done by
comparing the image results obtained by performing a Monte Carlo simulation.

Acknowledgement

The authors thanks to Rumah Sakit Kanker Dharmais - National Cancer Center Indonesia, Jakarta, to
arrange the phantom measurements and for providing the data, and thanks to Hibah PITTA UI 2018
grant number 2318/UN2.R3.1/HKP.05.00/2018 for funding this research.

References

[1]
[2]

[3]
[4]

[5]
[6]
[7]
[8]
[9]
[10]

[11]
[12]
[13]

[14]
[15]
[16]

Graham L S, Fahey F H, Madsen M T, Aswegen A and Yester M V 1994 Med. Phys 22 401-409

Rogers W L, Clinthorne N H, Harkness B A, Koral K F and Keyes Jr. J W 1982 J. Nucl. Med.
23 162-168

O'Connor M K 1996 Seminar in Nuclear Medicine 26 256-277

Howarth D M, Forstram L A, O'Connor M K, Thomas P A and Cardew A P St E 1996 Seminar
in Nuclear Medicine 26 295-307

Madsen M T 1994 J. Nucl. Med. Technol. 22 3-11

Gullberg G T 1987 Med. Phys. 14 105-114

O'Connor M K and Vermeersch C 1991 Med. Phys. 18 190-197

Madsen M T 1997 Med. Phys. 14 1696-1700

Groch M W and Erwin W D 2001 J. Nucl. Med. Technol. 29 12-18

Frye S, Frye R, Sterkel B, Muzaffar R and Osman M M 2019 J. Nucl. Med. Technol. 47 223-
226

Peterson T and Furenlid L R 2011 Phys. Med. Biol. 56(17) R145-R182

Malmin R E, Stanley P C and Guth W R 1990 J. Nucl. Med. 31 655-659

Vunckx R, Nuyts J, Vanbilloen B, De Scent-Hubert M, Vanderghinste D, Rattat D, Mottaghy F
M and Defrie M 2009 IEEE Transactions on Nuclear Science 56(5) 2696-2705

Seret A, Nguyen D and Bernard C 2012 EJNMMI Research 2 45-64

Bashir S, Shahbaz M and Igbal D 2017 J. Nucl. Med. Technol. 45 119-120

Kumar N, Verma S, Singh R K R, Datta D, Kheruka S C and Gambhir S 2017 J. Nucl. Med.
Technol. 45 241-242



The 1st International Conference Science Physics and Education 2021 (ICSPE 2021) IOP Publishing
Journal of Physics: Conference Series 2165(2022) 012024  doi:10.1088/1742-6596/2165/1/012024

[17] Oktaviana A, Pawiro S A, Siswatining T and Soejoko D S 2019 J. Phys.: Conf. Series 1248
012030

[18] Hirtl A, Bergmann H, Knausl B, Beyer T, Figl M and Hummel J 2017 Med. Phys. 44 1638-1645

[19] Synder D L, Miller M I, Thomas Jr L J and Politte D G 1987 IEEE Transactions on Medical
Imaging MI-6(3) 228-238

[20] ALehyani S H A A 2009 Journal of King Saud University (Science) 21 109-117



