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IMPROVED MEASUREMENT SYSTtM FOR THE WHOLE BODY MONITOR 

L H Kotler 

As has been described previously, ' a static four-detector system has been 
established as a whole body radioactivity measurement system. A technique is 
being developed to position the detectors in such a manner as to minimise 
longitudinal distribution effects within a subject. This technique which 
represents the human body as a simple geometric model,* ' requires the 
determination of efficiency at any point within this model. 

I* a point source is positioned, a vertical distance h below the geometric 
centre of the detector, its efficiency e(h) is given by an expression of the 
form 

kl 
E i h ) = i-y (1) 

(h-r)' 
where K, is tne constant in the inverse square law (I.S.L.) expression and r 
is the displacement of the effective point of measurement from the geometric 
centre. 

It. has been noted previously* that a point source also obeys the I.S.L. as 
it moves on any horizontal plane, along a line whose origin is a normal 
through the detector centre. In this case there is also a displacement of the 
effective point of measurement towards the source, by an amount R(h) from the 
geometric centre of the detector (see also Ref. 1) 

unoer these conditions the efficiency at any point along this horizontal plane 
is given by 

cih.d) = I » kH 2 (2) 

where d is the horizontal distance of the point from the normal through the 
letector centre and M h ; is the appropriate I.S.L. constant. 

i'hese two expressions can be combined to form the general expression which 
generates the efficiency at any point (n,d) relative to the geometric centre 
of the detector, viz., 
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dh,d) = kx L — h ~ R ( h U — ? — - J2 (2) 
(h - r) . l/h^ • <T - R(h)) 

The parameters k and r have been determined experimentally as a function of 
energy over the range 121 keV r'Co) to 1836 keV (°°Y). The values 
obtained fall upon a smooth curve and thus interpolation is a simple process. 

Tht relationship between R(h) and h at a fixed gamma energy has been 
approximated by a simple quadratic relationship. However there is no simple 
or obvious manner to interpolate between values of R(h) as a function of 
energy. 

If an absorber is interposed between source and detector, the calculation of 
the resultant attenuation is complex, as a cone of photons interacts with the 

> 2) detector. A technique has been developed* ' which determines the solid 
angle subtended by a disc by dividing the disc into a series of segments. 
These segments can be sub-divided into smaller segments and the solid angle 

(2) subtended by these minor segments can be easily determined* . Under these 
conditions the detector is replaced by a disc centred at the geometric centre 
of detector. The attenuation between source and detector is determined from a 
weighted mean of the attenuation of a series of rays from the source to each 
of the suD-segments of the disc. However, calculations have demonstrated that 
at least for higher energies (above 1 MeV) there is no significant difference 
(within 5*/ ) between results determined by this complex method, and the 
use of a single ray extending between the source and the centre of the 
detector. 

however, there is a complicating factor. Preliminary comparisons with 
22 experiment demonstrate that for certain photon energies inot Na - see 

below) the apparent position of the detector centre required to match the 
actual measured absorption is substantially lower than the actual position of 
the detector. This behaviour is being investigated. 

47 A study of renal patients with Ca was initiated during the year. Thus it 
was necessary to use the optimisation techniques to determine suitable 

47 placement for the cietectors. The isotope Ca with its half life of 4.5 
days is not suitable for routine use in determining the appropriate 

22 experimental parameters. Therefore it was decided to use Na as a 
substitute, as its gamma energy is within 2b KeV of that emitted by Ca. 

The optimisation technique in the X ana Y planes ' was performed on two 
geometric models whicn represented subjects of height 1.60 m and 1.80 m and 
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weight 55 kg and 85 kg respectively. The two sets of detector positions that 
were determined were not identical. Thus it was necessary to vary them in an 
ad-hoc mannar, until the variations in efficiency along the central line of 
the central plane of each model were roughly equal. These variations in 
efficiency for the compromise in detector positions are depicted in Figure 1. 
The optimization was performed in the third (z) dimension for the larger model 
only, on the basis that such results would be suitable for the samller 
geometric moael. Subsequent calculation of the variations of efficiency for 
the smaller verified this assumption. 
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Figure 1. The variation in efficiency along the central line of the 
central longitudinal axis of the model. (A, 160 cm length; B, 180 cm 
length). 

In practise, the variation in detector positioning is limited by a maximum 
allowed separation of 1600mm between the first and fourth detectors. 
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Therefore it was necessary to modify the optimization procedure to fix the 
position in the X dimension for the first and fourth detector. The height of 
the fourth detector was fixed at the maximum physically available. The 
positions of the detector centres in the X,Y and X,Z planes are depicted in 
Figure 2. 
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Figure 2. Relative positions of the centres of the detectors 
compared to shape of larger geometrical model. 

In oroer to determine the efficacy of the optimization procedure, a radiation 
equivalent manikin (Alder'^n Research Laboratories) was used to simu'ate a 
person. This manikin has a height of 1.75m and weighs about 74 kg. A point 
source was placed at various positions along a longitudinal tube which runs 
from the top of the skull to the crutch of the manikin. A source was also 
placed in a tube running along both the fibia ana femur of the Manikin. The 
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results are summarized in Figure 3. The higher efficiency for the source in 
the neck is purely an artifact of the design of the manikin in that the neck 
in the manikin is defined more clearly that in the ordinary human body. 
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22 Figure 3. Variation of efficiency of a rta source placed roughly 
along the longitudinal axis of the Remcal manikin. 

The manikin also contains a lateral tube roughly at the kidney position. The 
behaviour of a point source placed within it (Figure 4; indicates the 
significance of the use of the geometric rather than the arithmetic mean of 
measurements taken in the prone and supine positions. 



90 

Efficiency (%) 

0 . 18 

0.1 6 

0 . 1 4 V 

\ / 

50 I 0 0 

Depth in torso (mm) 

x Arithmetic Mean 

• Geometric Mean 

150 

Figure 4. Mea.i of prone and supine measurements. 
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