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Objectives: It is certain that Radioactive iodine thyroid uptake(RAIU) rate should be measured with the
standard counts considering the thyroid gland depth in enlarged thyroid patients for the variation from
geometric factors. The purpose of this paper is to consider the effects of geometric factors according to
detector to source distance and the effective thyroid depth on RAIU rate with experiment test. Materials and
Methods: 1-131 370 kBq (10 pCi) point source was measured by Captus-3000 thyroid uptake system
(Capintec, NJ, USA) with a change Detector-Source Distance from 20 cm to 30 cm at an interval of 1 cm.
And we changed the Neck phantom surface-Source Depth in the phantom with 1 cm, 2 cm, 5 cm using the
neck phantom in order to reproduce the effective thyroid depth. Results: Every experimental group follows
power curve as inverse square curve (R2=0.915). The average count rates in the case not using a phantom
and the every case applied the effective thyroid depth using a phantom was not identical each other. There
was significant fluctuations upon the effective thyroid depths applied the effective thyroid depth above 1 cm
in 364.4 keV+10% energy ROI (»p<0.01). There was not significant difference between the count rates of 1
cm and 2 cm in 364.4 keV+20% and 637.1 keV+6.2% (p=0.354, p=0.397). In assumed RAIU rate from
regression equation, 364.4 keV+20% was lower difference than 364.4 keV+10% as 6.42% and 5.09% per 1
cm. Every change of count rate upon depth appears decreased line on Linear Regression, but the case of
284.3 keV+10% increased only. And also, The graphs of coefficient of variation upon depth increased as
straight line on every experimental group. Conclusion: The result appears that application of 364.4
keV+20% energy ROI is more suitable for reducing error from the effective thyroid depth. And also, we can
estimate the error of 20 cm should be highly reduced than 30 cm for Inverse Square Law. Therefore, If there
is not information of the thyroid depth, it is considered that the error from thyroid depth can reduce through
set up energy ROIs for 364.4 keV+20%, and increase Detector-Source Distances. (Korean J Nucl Med
Technol 2013;17(1):53-61)
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Table 1. Neck phantom surface-Source Depth and measurement distance

"NSD (cm) 0 1 2 >
“DSD (cm) 20~30 20~30 20~30 22~30
“DND (cm) 20~30 19~29 18~28 17~25

"NSD, Neck phantom surface-Source Depth (effective thyroid depth); “DSD, Detector-Source Distance;

phantom surface Distance.

Depth : Depth : Depth Depth : Depth : Depth :
Ocm 1cm 5cm 0cm 1cm 2cem
g e — - T -
30 25cm 24 cm

cm

)
1
i
!
127 cm 25
i
1
!
i
1
1
!

"‘"‘”’DND, Detector-Neck

25
cm

G CMCE O
Analysis 2. Analysis 3.

Fixed Detector-Neck phantom surface Distance

Fixed Detector-Source Distance

Fig. 1. Second analysis was the case of fixed Detector-Neck phantom surface Distance. We fixed Detector-Neck phantom surface
Distances at 25 cm, but only changed Detector-Source Distances. Third analysis was the case of fixed Detector-Source Distance. We

fixed Detector-Source Distances at 25 cm, but only changed Detector-Neck phantom surface Distances.
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Fig. 2. The results of the curve fitting regression upon every effective thyroid depths at energy ROI of 364.4
keV+20% follows power graphs like as inverse square law. The coefficient of determination value of thyroid depth
0 cm was the highest with (A) graph(R2=0.9981). Thyroid depth 5 cm was the lowest with (D) graph(R2=0.99), and we
could not find a tendency among the effective thyroid depths, because R-squared of (B) was lower than (D).
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Fig. 3. The results of the simple linear regression upon Detector-
Source Distance and coefficient of variations of count rates of 0 cm
effective thyroid depth. As the analysis, every coefficient of varia-
tions increased when Detector-Source Distance increase.
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Table 2. Differences of assumed RAIU rate from analysis 2. In these data, 364.4 keV+20% was lower difference than 364.4 keV+10%

as 10.38% and 9.46% per 1 cm

Thyroid Depth (cm) 0 1 2 3 4 5
Count Rate (284.3 keV+10%) 6149 6024 5900 5775 5650 5525
Uptake Rate (100%) 0.00% -2.03% -4.05% -6.08% -8.12% -10.15%
Uptake Rate (35%) 0.00% -0.71% -1.42% -2.13% -2.84% -3.55%
Uptake Rate (10%) 0.00% -0.20% -0.40% -0.61% -0.81% -1.01%
Count Rate (364.4 keV+20%) 32796 29695 26593 23491 20389 17287
Uptake Rate (100%) 0.00% -9.46% -18.91% -28.37% -37.83% -47.29%
Uptake Rate (35%) 0.00% -3.31% -6.62% -9.93% -13.24% -16.55%
Uptake Rate (10%) 0.00% -0.95% -1.89% -2.84% -3.78% -4.73%
Count Rate (364.4 keV+10%) 29256 26219 23181 20144 17106 14068
Uptake Rate (100%) 0.00% -10.38% -20.76% -31.15% -41.53% -51.91%
Uptake Rate (35%) 0.00% -3.63% -7.27% -10.90% -14.54% -18.17%
Uptake Rate (10%) 0.00% -1.04% -2.08% -3.11% -4.15% -5.19%
Count Rate (637.1 keV+6.2%) 1523 1381 1240 1098 957 815
Uptake Rate (100%) 0.00% -9.32% -18.58% -27.91% -37.16% -46.49%
Uptake Rate (35%) 0.00% -3.26% -6.50% -9.77% -13.01% -16.27%
Uptake Rate (10%) 0.00% -0.93% -1.86% -2.79% -3.72% -4.65%
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Table 3. ANOVA multiple comparison of count rates upon 364.4 keV+10% energy ROI (significance probability of Levene test=0.760)

(I) Thyroid (J) Thyroid

Mean difference

Significant

95% confidence interval

Depth (cm) Depth(cm) N (), Standard error level Lower bound Upper bound
0 1 30 2389.100° 72.600 .000 2183.13 2595.07
2 30 2745367 72.600 .000 2539.40 2951.33
5 30 8854.867" 72.600 .000 8648.90 9060.83
1 0 30 -2389.100° 72.600 .000 -2595.07 -2183.13
2 30 356.267 72.600 .000 150.30 562.23
5 30 6465.767 72.600 .000 6259.80 6671.73
2 0 30 2745367 72.600 .000 -2951.33 -2539.40
1 30 -356.267" 72.600 .000 -562.23 -150.30
5 30 6109.500° 72.600 .000 5903.53 6315.47
5 0 30 -8854.867" 72.600 .000 -9060.83 -8648.90
1 30 -6465.767" 72.600 .000 -6671.73 -6259.80
2 30 -6109.500" 72.600 .000 -6315.47 -5903.53

Table 4. ANOVA multiple comparison of count rates upon 364.4 keV+20% energy ROI (significance probability of Levene test=0.938)

(I) Thyroid (J) Thyroid N Mean difference Standard error Significant 95% confidence interval
Depth (cm) Depth (cm) I- level Lower bound Upper bound
0 1 30 2008.867 79.852 .000 1782.33 2235.41
2 30 1864.133° 79.852 .000 1637.59 2090.67
5 30 7641.900" 79.852 .000 7415.36 7868.44
1 0 30 -2008.867" 79.852 .000 -2235.41 -1782.33
2 30 -144.733 79.852 .354 -371.27 81.81
5 30 5633.033" 79.852 .000 5406.49 5859.57
2 0 30 -1864.133 79.852 .000 -2090.67 -1637.59
1 30 144.733 79.852 .354 -81.81 371.27
5 30 5777.767" 79.852 .000 5551.23 6004.31
5 0 30 -7641.900" 79.852 .000 -7868.44 -7415.36
1 30 -5633.033 79.852 .000 -5859.57 -5406.49
2 30 -5777.767" 79.852 .000 -6004.31 -5551.23

57



Table 5. ANOVA multiple comparison of count rates upon 637.1 keV+6.2% energy ROI (significance probability of Levene test=0.117)

(I) Thyroid (J) Thyroid Mean difference

Significant 95% confidence interval

Depth (cm) ~ Depth (cm) N d-]) Standard error level Lower bound Upper bound
0 1 30 139.467 19.013 .000 85.53 193.41
2 30 172.333" 19.013 .000 118.39 226.27
5 30 381.667 19.013 .000 327.73 435.61
1 0 30 -139.467" 19.013 .000 -193.41 -85.53
2 30 32.867 19.013 397 -21.07 86.81
5 30 242.200° 19.013 .000 188.26 296.14
2 0 30 -172.333" 19.013 .000 -226.27 -118.39
1 30 -32.867 19.013 397 -86.81 21.07
5 30 209.333" 19.013 .000 155.39 263.27
5 0 30 -381.667" 19.013 .000 -435.61 -327.73
1 30 -242.200° 19.013 .000 -296.14 -188.26
2 30 -209.333" 19.013 .000 -263.27 -155.39
Table 6. Kruskal-Wallis test and Mann-Whitney test of count rates upon 284.3 keV+10% energy ROI
(DIL;}IIYZ;IS gl;}}:y(lzig N Mann-Whitney's U Wilcoxon's W Z si?i?iii?ﬁife]
0 1 30 .000 465.000 -6.653 .000
2 30 .000 465.000 -6.653 .000
5 30 .000 465.000 -6.653 .000
1 0 30 .000 465.000 -6.653 .000
2 30 .000 465.000 -6.653 .000
5 30 32.000 497.000 -6.180 .000
2 0 30 .000 465.000 -6.653 .000
1 30 .000 465.000 -6.653 .000
5 30 32.000 497.000 -6.180 .000
5 0 30 .000 465.000 -6.653 .000
1 30 32.000 497.000 -6.180 .000
2 30 32.000 497.000 -6.180 .000
Kruskal-Wallis test statistic .000
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Table 7. Differences of assumed RAIU rate from analysis 3. In these data, 364.4 keV+20% was lower difference than 364.4 keV+10% as

5.09% and 6.42% per 1 cm

Thyroid Depth (cm) 0 1 2 3 4 5
Count Rate (284.3 keV+10%) 6286 6615 6945 7274 7603 7933
Uptake Rate (100%) 0.00% +5.23% +10.48% +15.72% +20.95% +26.20%
Uptake Rate (35%) 0.00% +1.83% +3.67% +5.50% +7.33% +9.17%
Uptake Rate (10%) 0.00% +0.52% +1.05% +1.57% +2.10% +2.62%
Count Rate (364.4 keV+20%) 33597 31886 30175 28464 26753 25042
Uptake Rate (100%) 0.00% -5.09% -10.19% -15.28% -20.37% -25.46%
Uptake Rate (35%) 0.00% -1.78% -3.56% -5.35% -7.13% -8.91%
Uptake Rate (10%) 0.00% -0.51% -1.02% -1.53% -2.04% -2.55%
Count Rate (364.4 keV+10%) 30044 28116 26187 24259 22331 20402
Uptake Rate (100%) 0.00% -6.42% -12.84% -19.26% -25.67% -32.09%
Uptake Rate (35%) 0.00% -2.25% -4.49% -6.74% -8.99% -11.23%
Uptake Rate (10%) 0.00% -0.64% -1.28% -1.93% -2.57% -3.21%
Count Rate (637.1 keV+6.2%) 1542 1462 1382 1302 1221 1141
Uptake Rate (100%) 0.00% -5.19% -10.38% -15.56% -20.82% -26.01%
Uptake Rate (35%) 0.00% -1.82% -3.63% -5.45% -7.29% -9.10%
Uptake Rate (10%) 0.00% -0.52% -1.04% -1.56% -2.08% -2.60%
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