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PINHOLE PARALLEL HOLE CONVERGING
Fig. 1 The count profiles of a thyroid obtained using three kinds of collimators
(pinhole, parallel hole and converging collimator).

SECTION A

ST

UNIT:nm

Fig. 2 A numerical phantom of thyroid designed for
computer simulations. In the phantom, there
are three defects located at different cross sec-
tions (A, B, and C).
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Fig. 3 The assumed dimensions of three types of col-
limators used for the computer simulations.
For each collimator, the spatial resolution
is shown as a FWHM (full width at half
maximum) at each distance from the collimator
surface.
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RC=max[ (f(x)-g(x))/f(x) 1

Fig. 4 The definition of parameters used in the simu-
lation. In the figure, f(x) is a count profile of
a case without a defect and g(x) is a count
profile of a case with a defect. The parameter
RC corresponds to contrast resolution.
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Fig. 5 The results of the simulation of three different collimators at three sections (A, B,
and C). In each section and each collimator, the upper graph shows the counts
profile f(x) and g(x) and the lower one shows a normalized difference between the

count profile f(x) and g(x).
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6 A developed thyroid collimator (top position).

-ee-experiment
14 ———theory

12

O3 4 & & 1o 12 14
SOURCE-TO-COLLIMATOR DISTANCE (cm)

7 Spatial resolution (FWHM) of three collimators
(parallel hole, pinhole, and converging colli-
mator). In the figure, closed circles are obtained
by experiments and open circles are obtained
by theoretical equations,
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Fig. 8 Sensitivity of three collimators (parallel hole,
pinhole, and converging collimator) measured
by experiments. To compare these three types,
each sensitivity was normalized by that of
parallel hole collimator. The value following
each collimator type such as PIN, CONV
means the distance between the collimator
surface to a point source.
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Fig. 9 A thyroid phantom for the experiment.
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Fig. 10 A plan of the thyroid phantom. The phantom
has five spheres, made from acrylic resin,
located at different height.
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position

CONYV

Fig. 11 Results of experiments (matrix size: 512x 512) and their count profiles at the
center of the phantom. Conditions of data acquisition (time, distance from
collimator surface) are PIN (8 min, 95 mm), CONV (8 min, 45 mm), PARA

(8 min, 70 mm), respectively.
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Fig. 12 Results of clinical study. (matrix size: 256 < 256) Conditions of data acquisition
(time, distance from collimator surface); upper images [PIN (15 min, 80 mm),
CONYV (15 min, 35 mm), PARA (12.5 min, 80 mm)] lower images [PIN (12.5 min,
80 mm), CONYV (10 min, S0 mm), PARA (8 min, 85 mm)]
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Summary

Development of a Converging Collimator for Thyroid Scintigraphy

Koichi OGawa*, Jun HasHiMOTO*, Atsushi KuBo*, Shozo HASHIMOTO*,
Kenzo Suzuk1** and Toshimitsu RUIKE***

* Department of Radiology, School of Medicine, Keio University
** Department of Radiology, Komagome Metropolitan Hospital
*** Medical Systems Division, Nasu Works, Toshiba Corporation

Thyroid scintigraphy is generally performed
using a pin-hole or a parallel-hole collimator. The
former yields a high resolution image, however,
the acquisition time prolongs because the collima-
tion system magnifies a thyroid image. The latter
has somewhat low resolution, because the collima-
tion system cannot magnify the thyroid image and
it is difficult to close the collimator surface to a
patient thyroid. The defects of the above two colli-
mators are distortion or blurs at the thyroid edge
of the acquired image. To improve the image
quality of the thyroid scintigram, we made com-
puter simulations concerning contrast resolution
in comparison of a parallel-hole, pin-hole and
converging collimator. The simulations results
showed that the contrast resolution by the converg-
ing collimator is superior to the other collimators.
According to the results, we developed a specially-
designed converging collimator (thickness: 100

mm, focal length: 195 mm). We cut an edge of the
collimator to decrease the distance between the
neck and the collimator surface. Under almost the
same conditions for spatial resolution and sensi-
tivity, we compared the effectiveness of the con-
verging collimator with that of the other two
collimators; the pin-hole type [medium resolution]
and the parallel-hole type [high resolution]. As a
result of experiments using a phantom, the con-
verging collimator showed less distortion compared
with the other collimators at the deep area of the
thyroid phantom. This is caused by the geometrical
situation of the hole alignment and the thyroid
position. The results of the clinical evaluation
also showed that the converging collimator better
accomplished high contrast resolution than did
the other two collimators.

Key words: Converging collimator, Thyroid
imaging, Scintillation camera.
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