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We witness implementation of  quality control (QC) in Bulgaria in the field of nuclear 
medicine equipment and in particular QC of gamma cameras (GC). Theese complex (and 
delicate) instruments were left out of control for unjust long time. Every day the routine work 
with GC encounters us with artefacts which impairs quality of the acquired image and may 
cause unpredictable (but in all cases unfavourable to the patient) consequences. The best  
approach to avoid artefacts is to maintain  GC in optimal performance through program of 
regular QC.  

Practically it means to trace out parameters of GC which are essential for image 
quality. A number of phantoms are used to evaluate different parameters of GC. 

 “Passive” phantoms are the most widely used. They are  fitted on the detector of GC 
and irradiated with planar source. From the image acquired so far assessment of GC 
parameters can be derived.  

 “Active” phantoms are volumetric constructins filled with radioactive solution. A 
good example of “active” phantom is the “flood field” phantom. 

Prices of phantoms are not negligible. “Passive” phantoms cost about 2 000 euro, 
while “active” phantoms cost  2 000 to 10 000 euro. The prices are significant and it is 
sensible approch to optimize the type and number of phantoms necessary for QC. Among all 
phantoms the price of “Dynamic Line Phantom” (DLP) is impressive - 17 000 euro. But it is 
annonced to substitute several “passive” and “active“ phantoms. The goal of this paper is to 
justify this statement. 
 Essential part of the DLP is the line source (LS) – 50cm long stainless steel catheter 
with an inside diameter of 1mm. Filled with any isotope (usually – 99mTc) this line source 
can be moved across the field by a stepping motor, which is controlled by a microprocessor.  
Different patterns of activity distribution can be simulated when the LS moves across the field 
with a variable speed. The appropriate microprocessor program is selected from the front 
control panel.  It is understandable that the collimator is mounted on gamma camera detector, 
which means that only system parameters can be assessed. The patterns simulated by DLP  
were registered by a single head SPECT gamma camera ADAC. Discussion of the programms 
based on image profile is following. 



 

PROGRAMM 1.1 The LS travels to the centre of the field and stops there. 
 Application: 
- positioning of the phantom under the gamma camera; 
- acquisition of LS image. Profile of this image is a line spread function (LSF), which full 

width at half maximum (FWHM) is assessment of system spatial resolution (resolving 
power). 

FWHM in the central field of view (CFOV) was 4,57mm 
FWHM in the usefull field of view (UFOV) was 4,6mm 
 

PROGRAMM 1.2 The LS travels to the centre position at high speedq stops for 5 sec and 
then proceeds until the end of the field. 
Application – fast field check. 
 

PROGRAMM 2  Variable contrast 
Application – assessment of system contrast transfer. 
The utility of this program is questionable – contrast transfer is not considered in QC 
programs. 
 

PROGRAMM 3  This program generates a linear “gray scale”. 
Application – adjustment of display and imager for all intensities used. 
The utility of this program is questionable. 
 

PROGRAM  4 This program provides homogeneous field – the LS travels six times 
across the field of view at a constant low speed in order to improve the image statistics. The 
effect is equivalent to irradiation of the detector with/from homogeneous planar source.  

Application – check of the field uniformity. Field uniformity is the most important 
parameter of the GC. That is why the source used for tuning or testing should meet very 
strong requirements of homogenity. The profile along the LS  is not very convincing example 
that the activity is  evenly distributed along the length of LS although we filled it very 
carefully after many preliminary excersizes. So if a nonuniformity is detected using DLP , it is 
not possible to conclude if it is intrinsic nonuniformity of the field or is nonuniformity caused 
by DLP. To eliminate this uncertainty it is necessary to test the LS with another GC of proved 
uniformity.  

This programm can be used: a) for visual test of field uniformity but not for tuning and b) 
as a planar source to irradiate passive phantoms (when there is a collimator on the detector of 
GC) because the uniformity of this irradiation is not of essential importance. 

NOTE ! There is no recommendation for preliminary test of the uniformity/evenness of 
activity distribution in the LS in the manual.  



 

PROGRAM  5  Modulation transfer function (MTF) – the intensity along the path of 
LS follows a sine function with linearly decreasing spatial frequency. The decrease of the  
contrast of the response, yields a contrast/frequency curve of which the MTF is envelope.  
Application – determination of the MTF of the system (GC).  
The application of this program is a bit of pretentious – obviously this graph is neither precise 
nor correct presentation of the MTF, hense it can not be a reliable indication of changes in the 
tested GC.  On our oppinion more reliable source of information is the shape of a LSF 
(program 1.1), from which an MTF can be derived.   
 

PROGRAM  6.1 BRH (Bureau of Radiological Health) phantom – groups of point 
sources with a decreasing point separation in one direction. The line source is fitted with a 
lead mask to provide the point sources. 
Application – determination of the resolving power and linearity of the detector.  
NOTE! The unit to measure some dimension (resolving power in this case) is recommended 
to be (preferably when possible) 10 times smaller than the expected result  - than the 
minimum(the least) error of measurement would be 10%. The lead mask with diameter of the 
holes 2mm hardly can be used to determine the resolving power of  less than 20mm. (in our 
case 4,6mm – see above) 
 

PROGRAM  6.21 LS with fitted lead mask generates orthogonal array of point sources.  
Application – visual estimation of linearity in both directions X and Y. Nothing else. 
 

PROGRAM  6.22 Same like 6.21 without lead mask. A line pattern of 50 equally spaced 
straight lines. 
Application – visual estimation of linearity in Y direction. For quantitative determination of 
linearity a specific software is necessary, which hardly can be supplied with GC computer. 
Another application – as a substitution of  the passive PLES phantom to determine LSF in 
different locations of the detector field. But do not forgett that the statistic is bad – the peak 
value is about 10 times less the recommended. 
 

PROGRAM  6.3 Simulates Hine Duley phantom with  “hot” и “cold” lines with 
decreasing width.  
Application  - visual estimation, for demonstration purposes. 
 

PROGRAM  6.4 This program generates 18 pairs of “hot” lines with a decreasing 
distance between the lines in the pair respectively 15, 13, 11, 9, 7, 5, 3, 1mm at the left half and 
with increasing distance – 2, 4, 6, 8, 10, 12, 14, 16mm at the right half of the image. 



 

Application - to determine resolving power of the system for “hot” lines. It is seen that the 
resolving power is 5-6mm, which is about the value derived from LSF – 4,6mm. Obviously 
the application is more appropriate for demonstration purposes than for precise quantitative 
evaluation of resolving power. 
 
PROGRAM  6.5 This program generates 18 “cold” lines with a decreasing width   left-to 
center from 15 through 1 in step of 2 mm and increasing width center-to right from 2 through 
16 in step of 2mm. 
At first sight the profile is mirror flip of the previous program. More attentive examination 
leads to unexpected result – lines width of 2mm and 3 mm are resolved ! And the statistic for 
this program is “worse” than the previous! 
The only possible conclusion is that the resolving power for “cold” lines is better than for a 
“hot” lines. 
 
COMMENT: 
DLP programs of practical use - 1, 4, 6.2, 6.3, 6.4 и 6.5 as follows: 
Program 1 – line source very convinient to fill with activity solution. Appropriate to define 
the LSF. 
Program 4 – simulation of  uniform planar source. Relatively low activity compared to fillable 
flood phanton, which means less irradiation of the staff. Can substitute flood field (or solid) 
phantom under some circumstances – not for tuning. 
Program 6.2 - visual estimation of linearity in Y direction and determination of resolving 
power. WARNING – low statistics. Partial substitution of passive PLES phantom. 
Program 6.3 - visual estimation of linearity in both directions X and Y 
Programs 6.4 and 6.5 – visual (subjective) evaluation of resolving power. Good for 
demonstration purposes. Partial substitution of 4 quadrant phantom. 
Multiple repetition of the programs could be use in order to improve statistics and to use DLP 
not only with high specific activity i.e.not only in the first day of 99mTc generator. 
To draw up balance-sheet: 

DLP =  PLES  +  FLOOD FIELD  +  4 QUADRANT BAR   
17,062  = 8,075  ?? 

Too expensive  substiution ! 


