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Introduction and purpose of the study 
The position and activity of an organ can be found using single photon emission 
computed Tomography (SPECT). However, SPECT imaging is longer and more 
complicated due to the large number of counting steps and the reconstruction 
process. Since many gamma cameras nowadays are double-headed, it is important 
to see if such systems can allow this measurement without the need for SPECT.  

In measurement of a radioactive source by a non-collimated radiation detector, the 
distance between the source and the detector is affecting the count rate due to two 
factors (1) Increasing the distance, decreases the solid angle in which the detector 
sees the source, therefore decreases the count rate. (2) The absorption of the 
gamma rays in the medium between the source and the detector depends on the 
medium length. The larger the absorption length, less photons are reaching the 
detectors.  
In the case of gamma camera with collimators only parallel rays to the collimator 
holes should reach the detector, and hence it is expected that there will be no effect 
due to change in the solid angle and the only effect of varying the distance between 
the detectors would be due to absorption in the medium.  
This study was taken in order to check if this is true for the 140 keV gamma ray of 
99mTc, the main radionuclide used in nuclear medicine, and if this can be used for 
finding the location and activity of a radioactive source.  
 
Description of the Work  
Between the two detectors of a dual-headed gamma camera, (Varicam, General 
Electric with LEHR collimators) a phantom made of rectangular Perspex box was 
placed. The two detectors were placed as close as possible to the phantom walls. 
Three types of inserts filled with 99mTc were used: a small plastic vial with a 3 mL 
volume or 2 common plastic bottles of 200 ml in two different shapes, a cylindrical 
one and a rectangular one with dimension ratio of 1:3. The 99mTc filled containers 
were positioned at different distances from the phantom faces.  The experiments 
were performed first with an empty phantom, to find if the number of counts were 
really independent of position inside the box, and than with the phantom filled with 
water.  
The counts are all decay corrected to the time of the beginning of the experiment by 
multiplying the number of counts by the factor f=exp (ëtd) / [1-exp (-ëtc)] where ë is the 
decay constant, td is the time from the beginning of the experiment until the beginning 
of the specific count and tc is the time of the specific counting. The count rates were 
normalized by dividing them to the count rate at the center of the phantom. 



Results 
Table 1 shows that without an absorbing media (the medium is air with low ì) the 
collimated detectors of the double headed camera yield similar count rates, 
independent of the distance between the source and the detector. At distances larger 
than 10 cm from the detector the deviation from parallel radiation as judged by the 
deviation of count rate from the center is less than 4%. However closer to the 
detector than 10 cm there is some contribution from unparallel rays.  
 
Distance Normalized count rate Normalized count rate 

X  [cm] Detector 1 Detector 2 

3.1 1.09 1.07 
5.7 1.05 1.06 
8.3 1.04 1.04 
10.9 1.03 1.03 

13.5 1.03 1.02 
16.1 1.02 1.01 

18.7 1.01 1.01 

21.3 1.00 1.02 
23.9 1.00 1.00 
26.5 1.00 1.01 

29 1.00 0.99 
31.6 1.00 1.00 

34.2 1.00 1.01 

36.8 0.99 1.00 
39.4 0.99 1.00 
42 0.99 0.99 

44.6 0.99 0.99 

 
Table 1: count rates in two collimated detectors of the double-headed gamma 
camera for a source inside 46 cm empty Perspex phantom. 
 
Tables 2-4 show that with an absorbing media the count rate in each detector 
depends strongly on the distance between the source and the detector (the 
normalized value ranged from 0.05 to 20.91 while with air it was 0.99 to 1.09). The 
geometric mean of the count rate in the two detectors is independent of the source 
position (ranged from 0.92 to 1.02).  It can be seen in tables 2-4 that the larger errors 
(5-8%) are when the activity source is at close proximity to the detectors, probably 
due to larger error in the approximation to parallel rays and more septal penetration. 
Positioning the detectors far from the patient (about 10 cm for each detector) will 
reduce these errors. Therefore, it is recommended to place the detectors at least 10 
cm from the patient in order to obtain more accurate results. 
Consequently the value of the geometric mean of the normalized count rate depends 
only on the size of the phantom, which can be easily determined. The geometric 
mean of the actual (unnormalized) count rate depends on the activity of the 99mTc 
source and the size of the phantom. 
 
 
 
 
 



h Normalized count rate Normalized count rate Geometric  Measured Calculated Absolute  

[cm] Detector 1 Detector 2 Mean x [cm] x [cm] dx 

3.1 20.91 0.04 0.92 -19.9 -20.73 0.83 
4.4 18.07 0.05 0.95 -18.6 -19.50 0.90 
5.7 15.25 0.06 0.97 -17.3 -18.34 1.04 

7 12.74 0.08 0.98 -16 -16.79 0.79 
8.3 12.80 0.07 0.97 -14.7 -17.25 2.55 
9.6 10.60 0.09 1.00 -13.4 -15.79 2.39 

10.9 7.24 0.13 0.99 -12.1 -13.31 1.21 

12.2 5.95 0.17 1.00 -10.8 -11.77 0.97 
13.5 4.97 0.20 1.00 -9.5 -10.64 1.14 

14.8 4.03 0.25 1.00 -8.2 -9.21 1.01 
16.1 3.30 0.31 1.01 -6.9 -7.83 0.93 
17.4 2.77 0.36 1.00 -5.6 -6.76 1.16 

18.7 2.23 0.45 1.01 -4.3 -5.30 1.00 

20 1.83 0.56 1.01 -3 -3.92 0.92 
21.3 1.50 0.68 1.01 -1.7 -2.62 0.92 

22.6 1.24 0.83 1.01 -0.4 -1.33 0.93 
23.9 1.00 1.00 1.00 0.9 0.00 0.90 
25.2 0.82 1.25 1.01 2.2 1.40 0.80 

26.5 0.75 1.38 1.02 3.5 2.02 1.48 

27.8 0.61 1.69 1.01 4.8 3.37 1.43 
29 0.52 1.97 1.01 6 4.41 1.59 

30.3 0.41 2.38 0.99 7.3 5.82 1.48 
31.6 0.35 2.95 1.01 8.6 7.06 1.54 
32.9 0.28 3.56 0.99 9.9 8.42 1.48 

34.2 0.22 4.38 0.99 11.2 9.90 1.30 

35.5 0.19 5.28 0.99 12.5 11.01 1.49 
36.8 0.16 5.87 0.98 13.8 11.93 1.87 

38.1 0.14 7.21 0.99 15.1 13.05 2.05 
39.4 0.11 8.69 0.98 16.4 14.47 1.93 
40.7 0.09 10.36 0.98 17.7 15.71 1.99 

42 0.08 12.37 0.99 19 16.69 2.31 

43.3 0.07 14.53 0.98 20.3 17.67 2.63 

44.6 0.05 17.02 0.95 21.6 19.31 2.29 

 
Table 2: count rates in the two collimated detectors of the double-headed gamma 
camera for a plastic vial source inside 46 cm inner distance water filled Perspex box 
and the geometric mean. 
 
 
 
 
 
 
 
 
 
 



         h 
Normalized count 

rate 
Normalized 
count rate Geometric  Measured Calculated Absolute  

[cm] Detector 1 Detector 2 Mean x  [cm] x [ cm] dx 

6 12.29 0.07 0.95 -17 -18.20 1.20 

12 5.43 0.18 0.98 -11 -12.00 1.00 

18 2.34 0.42 0.99 -5 -6.05 1.05 

24 1.00 1.00 1.00 1 0.00 1.00 

30 0.39 2.50 0.99 7 6.54 0.46 

36 0.17 5.97 1.01 13 12.53 0.47 

42 0.08 12.82 1.04 19 17.88 1.12 

Table 3: count rates in the two collimated detectors of the double-headed gamma 
camera for a plastic bottle source inside 46 cm inner distance water filled perspex 
box and the geometric mean. 
 
 

h Normalized count rate Normalized count rate Geometric  Measured Calculated Absolute  

[cm] Detector 1 Detector 2 Mean x [cm] x [cm] dx 

6 13.74 0.07 0.95 -17 -18.08 1.08 
12 6.16 0.16 0.99 -11 -12.50 1.50 
18 2.46 0.41 1.01 -5 -6.14 1.14 
24 1.00 1.00 1.00 1 0.00 1.00 

30 0.40 2.42 0.99 7 6.16 0.84 

36 0.17 6.00 1.01 13 12.20 0.80 

42 0.07 13.01 0.94 19 17.89 1.11 

Table 4: count rates in the two collimated detectors of the double-headed gamma 
camera for a glass bottle source inside 46 cm inner distance water filled Perspex box 
and the geometric mean. 
 
Conclusions: 
It was shown that the geometric mean of the count rates of collimated detectors is 
independent of the position of the source and depends only on its activity and the 
dimension of the phantom. Using a dual headed gamma camera; planar 
quantification of source activity is relatively simple and accurate. 
These results could be applied in planar imaging clinical protocols for measurement 
of the absolute activity of 99mTc-tracers in human organs with double-headed gamma 
camera. 
Using this method, especially with tracers yielding high target to background ratio, i.e. 
renal scan with 99mTc-DMSA or lung scan with 99mTc-macroaggragate, might 
eliminate the need for the more cumbersome quantitative SPECT method. Further 
clinical studies are required to evaluate this method. 
  
 

  

 


