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Development of Geometric Calibration Method for Triple Head Pinhole

Joong Hyun Kim, M.S.T’m, Jae Sung Lee, Ph.D.”’}, Won Woo Lee, M.D.1,
So Yeon Park, MS." Ji Yeon Son, BS. Yu Kye0n§ Kim, M.D.,
Sang Eun Kim, M.D.m, and Dong Soo Lee, mD. "

IDepartment of Nuclear Medicine and Zlnterdisaplinary Program in Rodiation Applied Life Science Major, College
of Medicine and *Institute of Radiation Medicine, Medical Research Center, Seoul National University, Seoul, Korea

Purpose: Micro-pinhole SPECT system with conventional multiple-head gamma cameras has the advantage of high
magnification factor for imaging of rodents. However, several geometric factors should be calibrated to obtain the
SPECT image with good image quality. We developed a simplified geometric calibration method for rotating
triple-head pinhole SPECT system and assessed the effects of the calibration using several phantom and rodent
imaging studies. Materials and Methods: Trionix Triad XLT9 triple-head SPECT scanner with 1.0 mm pinhole
apertures were used for the experiments. Approximately centered point source was scanned to track the
angle-dependent positioning errors. The centroid of point source was determined by the center of mass
calculation. Axially departed two point sources were scanned to calibrate radius of rotation from pinhole to
center of rotation. To verify the improvements by the geometric calibration, we compared the spatial resolution
of the reconstructed image of Tc99m point source with and without the calibration. SPECT image of micro
performance phantom with hot rod inserts was acquired and several animal imaging studies were performed.
Results: Exact sphere shape of the point source was obtained by applying the calibration and axial resolution
was improved. Lesion detectibility and image quality was also much improved by the calibration in the phantom
and animal studies. Conclusion: Serious degradation of micro-pinhole SPECT images due to the geometric errors
could be corrected using a simplified calibration method using only one or two point sources. (Nucl Med Mol

Key Words: geometric calibration, pinhole SPECT, center of rotation error
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Figure 1. Trionix TRIAD XLT9 Triple-head SPECT system. Pinhole
collimators were aftached on each detector plane.
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Figure 2. (A) Transaxial positioning error was originated by mismatch between axis of rotation and center of rotation. (B) Axial positioning
error was originated by gravitational effect of the SPECT detector gantry. (C) Axially departed two point sources were scanned for

radius of rotation calibration.
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Table 1. Specification of Trionix TRIAD XLT9 Triple-head SPECT Detector
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Transaxial [X] Positioning Error (pixels)

Axial [2] Positioning Error (pixels)
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Figure 3. (A) The graph of transaxial positioning error as function
of rotation angle. The yO means the uniform shift from center of
sinogram. (B) The graph of axial positioning error as function of
rotation angle. The shift from center of sine function means the
shift originated from gravitational effect by the detector gantry.
(C) The sinogram of point source.
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Figure 4. (A) The graph of the distances between two point sources as function of rotation angle. (B) A relations between assigned
radius of rotation and actual radius of rotation. There are non-proportionalities between actual and assigned radius of rotation.
Moreover, actual radius of rotation among three detectors were different.
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Figure 5. The reconstructed image of a point source. Without geometry calibration, point source image
was broaden tfo filted doughnut (left). The exact sphere shape was obtained after geometry

calibration (right).
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Figure 6. (A) The reconstructed image of hot spot insert micro phantom. Some hot lesions were
seen as cold lesions before geometric calibration (leff). The complete shape of phantom was
obtained after geometric calibration (right). We can see the smallest hot spot’ lesion affer
calibration. (B) The reconstructed myocardial SPECT image of rat after injection of Tc-99m MIBI.
The left ventricle of rat was about 10 milimeters. We can see right ventricle as well os left
ventricle after geometric calibration (right).
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