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= Abstract =
Design and Performance Evaluation of Small Size Counting and
Imaging Gamma Probe System

Myoc Geun Yang, Cheoleun Kwark, Yong Geol Sim*, Hee-Joung Kim**, Yong Choi***,
June-Key Chung, Myung Chul Lee, Chang-Soon Koh

As a microimaging device detecting gamma rays emitted from small lesions or tumors during opera-
tion, the intraoperative surgical probe has been proposed and is now under development. We have de-
signed a multipurpose portable gamma probe system and evaluated the performance both for the
absolute counting purpose of residual radioactivities and for the localizing capability of gamma events
using the Nal(T1) crystal and two types of photomultiplier tubes(PMTs).

Counting efficiencies in the range of routine clinical use of radiation dose were measured using the
assembly of single channel PMTs and 0.5 inch thick Nal(T1) crystal of I inch diameter. The position-
ing of gamma events for imaging purpose requires the multiple channel PMTs with appropriate posi-
tioning electronics. We have designed a simple and reliable positioning circuit based on the concept of
modified Anger.

In preliminary experiments using the multiple channel PMT of 3 inch diameter and the dim light
source, we were able to trace and localize the correct position with reduced positioning error by the
use of two multiplier/divider chipset and simplified peripherals. The energy resolutions for the counting
gamma probe measured as full width at half maximum(FWHM) for Cs-137, F-18, Tc-99m were 12
%, 13%, and 36%, respectively. The spatial resolution for the imaging gamma probe measured as
FWHM for green LED was 2.9 mm. The results indicate that the currently developing probe is very
promising and could be very useful for many applications in nuclear medicine. Future studies will in-
clude developing collimators, improving interface hardwares, and evaluating the system with clinical
data.
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Table 1. Comparison of char.

detecting scintillatiors

(P/cm®) 451 3.19 7.13
Az 55,53 20,9 83,32,8
A543 A A1 7 (nsec) 630 940 300
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- —
=AE 1.85 1.84 1.44 2.15
A A& PV & sl
- N T 7
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zBiaGe4OIz

Aedds s, olF o437 FAFA BEE P77
(single photon emission computed tomography ; SPECT)
£ @534 748 JbEA @k Avbbdiee wEs

Aobde AE3e Wer Aghshe Agri(scntilla-
tor or crystal)e} W& %—5—?}1— Ao Ao g =3
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A9 &8 (counting efficiency) 2] 7tat Ao} 7t
oirtelete] AFEET HAEE AW 2 Ha(le
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Fig. 1. Comparison of spectra in generally useful scintilators (a) Nal(T), (b) Csl(Na), (c) CaF(Eu), (d) BGO
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Fig. 2. Absorption efficiency of Nal(Tl) scintilator
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Fig. 3. Dynode structure of muiltichannel photomultiplier
tube (a) coarse mesh (b) fine mesh
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Fig. 4. Shape of photomultiplier tubes and made gamma
probe (a) single channel photomuitiplier tube (b) muit-
channel photomultiplier tube (c) counting gamma probe
{d) imaging gamma probe
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Fig. 6. Example of Anger circuit
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