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Influence of the radiation source on the quality of transmission 

bone phantom images 
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Dijferent types of flood sources were applied to produce bone phantom images, and the quality of the 
resulting phantom images was studied. The measurements were made with 37-PMT circular detector gamma 
cameras and with rectangular detectors SPECT devices, with the Scanflex Transbone transmission bone 
phantom. Phantom images were produced with a 99m-Tc fillable flood source, a 57-Co Jlood source and a 
dynamic line phantom (Veenstra Instrumenten B. V.). Images were acquired with the number of counts 
collected under routine clinical conditions (600 000-800 000 counts) and also with a high number of counts 
(2 million counts) and were documented on X-ray films. The images were interpreted by three independent 
experienced observers. From the scores, ROC (receiver operating characteristic) curves were generated. 
The quality of the images was characterized by the area under the ROC curves. There were no significant 
differences between the ROC curve areas of the images produced with the same parameters. The differences 
between the routine and the high-count images were significant. It is concluded that all of the investigated 
flood sources are suitable for the production of bone phantom images for the quality control of nuclear 
medicine imaging procedures. 
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Introduction 

For more than ten years the World Health Organi
zation (WHO) and the International Atomic Energy 
Agency (IAEA) have organized interlaboratory 
comparison studies to analyse the quality of medi
ca! investigations using nuclear medicine imaging 
devices. To reproduce the clinical conditions, organ 
phantoms have been applied. Measurements with 
these phantoms allow the determination of parame
ters which simultaneously characterize the imaging 
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device, the clinical investigation method, and the 
physician performance. 1 •2 The reports returned to 
the laboratories permit the participants to re-exam
ine their own performance and to correct any er
rors. The quality control measurements series or
ganized by the WHO to <late have involved liver,2·3 
thyroid4 and heart5 phantoms. Bone scintigraphy is 
one of the most widely used nuclear medicine in
vestigation procedures, and the production of a bone 
phantom is therefore also necessary. The prototype 
of the "black box" transmission bone phantom was 
developed by Skretting and co-workers. With this 
phantom, the first interlaboratory study was carried 
out in Norway6·7 as part of an ongoing WHO/IAEA 
coordinated study. Interlaboratory measurements 
with a version of this phantom were also performed 
in Hungary at the beginning of 1994, in 22 nuclear 
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medicine laboratories on 28 gamma cameras and 
SPECT devices; the results were reported earlier. 
The aim of the present study was to investigate 
whether the type of flood phantom utilized for im
aging the transmission bone phantom influences 
the quality of the phantom images. 

Materials and methods 
Our investigations were performed on three 4C/15  
type 37-PMT gamma cameras Hungarian made un
der Picker licence, equipped with a circular detec
tor, and on two modem 59-PMT SPECT devices 
with a rectangular-shaped detector (Siemens Di
acam, Elscint Helix). For the measurements, we 
utilized the Scanflex Transbone transmission bone 
phantom, which was applied in the international 
interlaboratory quality control study organized by 
the WHO and IAEA. 

The schematic diagram of the phantom is pre
sented in Figure 1 .  The "black box" phantom repre
sents the thoraco-lumbar region from the posterior 
view. It is rectangular in shape, with constant thick
ness, and contains absorbing material with a rela-
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Figure l. Design of the bone phantom. 
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tively high absorption coefficient, and filling mate
rial mostly with a water-equivalent absorption co
efficient. 

The variation in the intensity of the gamma 
rays is caused by the variation in thickness of the 
absorbing material. 

The phantom is divided into 45 regions; 23 of 
them contain built-in lesions (22 are hot lesions 
with relative intensities varying between 1 . 1 0  and 
2.30, and one is a cold lesion with a relative intensi
ty of 0.58) . 

Seven Iesions are Iocated on the vertebrae, 3 in 
the medial and 3 in the distal regions of the left 
ribs, and 5 in the medial and 5 in the distal parts of 
the right ribs (Figure 2). 
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Figure 2. Localization of lesions built into the bone 
phantom. 

In our investigations, the phantom was imaged 
by three different types of flood source: a 99m-Tc 
flood source, a 57-Co flood source and a dynamic 
line phantom. 

The 99m-Tc flood source was obtained by fill
ing a plastic disc with bubble-free 99m-Tc solution; 
a commercially available 57-Co flood source with 
120 MBq activity (Amersham) was purchased; and 
the dynamic line phantom was the one produced by 
Veenstra Instrumenten B.V. The first of these is a 
movable capillary tube, controlled by a microproc
essor, filled with 350 MBq 99m-Tc solution. The 
diameters of the 99m-Tc and 57-Co circular flood 
sources corresponded to the diameter of the 4C/l 5 
type 37-PMT detector. With the dynamic line phan
tom, a 500x500 mm surface uniform flood source 
was produced .. 
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Static images 

To obtain static images, the phantom was placed on 
the collimator of the upward-facing detector, and 
the 99m-Tc or the 57-Co flood source was then 
positioned on the phantom. When the dynamic line 
phantom was used, the bone phantom was placed 
on the special holder above the capillary tube and 
the images were made with the downward-facing 
detector. 

The parts of the detector which were not cov
ered by the phantom were shielded with lead foil. 
Images were produced with routine clinical param
eters, and were printed on X-ray film, using the 
exposure parameters elaborated for the clinical rou
tine for each device and a standardized method for 
film development. 

In order to maximize the available information, 
high-count images, not applicable in clinical prac
tice, were also produced. 

Whole body images 

With the SPECT devices, images were also pro
duced in whole body scanning mode, utilizing 99m
Tc or 57-Co flood sources: the flood source was 
placed on the patient investigation bed, and the 
bone phantom was placed on top of it. The whole 
body clinical program was activated. To produce 
the whole body images with the Siemens SPECT, 
the phantom placed on the patient bed was moved 
under the surface of the detector at constant speed; 
with the Elscin SPECT, the images were obtained 
in a step mode, and the software then generated the 
whole body image of the phantom. Images were 
produced with clinical parameters, and high-count 
images were a!so obtained. The images were print
ed on X-ray film. 

All the X-ray films were exposed and devel
oped within a few days. 

lnterpretation oj the images 

Images were interpreted independently by three ex
perienced observers, using a score method. 

The WHO study protocol was applied, and the 
image of the phantom was divided into 45 regions 
(Figure 2). 

The observers were asked to decide whether 
they could observe lesions, and with what certainty 
of detection, within each of the defined regions of 
the images. The certainty of the detection was char
acterized by score values on the scale 1-4, 1 indi-

cating a definitely negative region, and 4 a definite
ly positive region. 

Before the interpretation, the images were 
mixed and given to the observers in a random se
quence at long intervals, so that they did not re
member the position of the lesions in the already 
interpreted images. Images were interpreted by ROC 
(receiver operating characteristic) analyses [8, 9, 
10]. The results of the images produced on the same 
gamma cameras with identical parameters, using 
the three flood sources, were analysed in pairs. 

Results 

With the 99m-Tc flood source, the 57-Co flood 
source and the dynamic line phantom, totals of 19, 
14 and 17 images, respectively, were produced. 
From the results of the three observers, a total of 50 
ROC curves were generated. Figure 3 relates to 
these ROC curves. The observers' performances 
are characterized by the area under the ROC curve. 
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Figure 3. ROC curves and areas of phantom images 
produced with routine clinical parameters. on a 59-PMT 
gamma camera with three different flood sources. 
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The ROC areas vary between 0.73 and 0.96. The 
best value for the ROC curve area was obtained 
from the data pertaining to the image produced 
with the 59-PMT SPECT device with the 57-Co 
flood source and a high number of counts. The 
lower value for the ROC area derived from image 
data obtained with the 59-PMT SPECT device, us
ing the 99m-Tc flood source in the whole body 
acquisition mode. 

The differences in the ROC areas obtained from 
the interpretations by the individual observers var
ied between 0.03 and 0.08. The highest differences 
were obtained with the 59-PMT SPECT device with 
the 57-Co flood source in the whole body acquisi
tion mode, for a high number of counts, and with 
the image produced with the 59-PMT SPECT de
vice with the 99m-Tc flood source, for static imag
es with clinical parameters. 

In the evaluation of the high-count images, the 
important differences between the observers were 
caused by the three false-positive findings of one 
observer, while in the case of the low-count imag
es, the differences stemmed from the relatively high 
number of false-negative findings of another ob
server. However, significant differences were not 
found between the results of the different observers 
(Table 1). 

Table l. Comparison of ROC curve areas of images 
produced with the same gamma cameras but with different 
radiation sources. 

99m-Tc flood source line phantom 
ROC area (mean ± SD) 
Observer 1 0.87±0.04 0.87±0.03 n.s. 
Observer 2 0.86±0.03 0.86±0.03 n.s. 
Observer 3 0.86±0.04 0.87±0.03 n.s. 
Ali 0.86±0.04 0.86±0.03 n.s. 

99m-Tc flood source 57-Co flood source 
ROC area (mean ± SD) 
Observer 1 0.87±0.04 0.85±0.03 n.s. 
Observer 2 0.87±0.04 0.89±0.04 n.s. 
Observer 3 0.86±0.04 0.89±0.04 n.s. 
Ali 0.87±0.04 0.88±0.04 n.s. 

line phantom 57-Co flood source 
ROC area (mean ± SD) 
Observer 1 0.87±0.03 0.85±0.04 n.s. 
Observer 2 0.87±0.03 0.88±0.04 n.s. 
Observer 3 0.89±0.02 0.89±0.03 n.s. 
Ali 0.88±0.03 0.87±0.04 n.s. 

The results obtained from the images produced 
with the same cameras, with the same acquisition 
parameters, but with different flood sources, are 
presented in Table 1 .  From the images obtained 
using the 99m-Tc flood source, 1 5  were matched 

with the dynamic line phantom images, 1 2  with 57-
Co images, and 8 of the images obtained with the 
57-Co source were compared with their counter
parts by using the dynamic line phantom. The quan
titative interpretation of the ROC curves does not 
reveal significant differences in quality of the phan
tom images produced with the different flood sourc
es. 

From the analysis of the influence of the differ
ent numbers of counts acquired for the phantom 
images on the ROC curve area, significant differ
ences in quality were observed between the routine 
and high-count images (Table 2). The highest dif
ference (0.2) was obtained with the 37-PMT gam
ma camera, with the dynamic line phantom. 

The results obtained with the SPECT devices 
were usually better than those obtained with the 
planar cameras, but the low number of SPECT de
vices involved in the study does not permit a statis
tical interpretation of the differences. 

Table 2. Comparison of ROC curve areas of images 
produced with the same gamma cameras but with the 
standard clinical number or a high number of counts. 

99m-Tc flood source 
Acquisition routine optimal 
ROC area (mean ±SD) 
Observer l 0.85±0.04 0.88±0.04 n.s. 
Observer 2 0.83±0.04 0.89±0.03 p<0.05 
Observer 3 0.82±0.04 0.88±0.03 p<0.05 
Ali 0.83±0.04 0.88±0.03 p<0.05 

dynamic line phantom 
Acquisition routine optimal 
ROC area (mean ±SD) 
Observer 1 0.83±0.04 0.90±0.03 p<0.05 
Observer 2 0.83±0.03 0.90±0.02 p<0.05 
Observer 3 0.85±0.03 0.89±0.02 p<0.05 
Ali 0.84±0.03 0.90±0.02 p<0.05 

57-Co flood source 
Acguisition routine optimal 
ROC area (mean ±SD) 
Observer 1 0.83±0.01 0.87±0.03 p<0.05 
Observer 2 0.87±0.01 0.92±0.03 p<0.05 
Observer 3 0.86±0.02 0.92±0.02 p<0.05 
Ali 0.85±0.01 0.90±�p_<0.05 

Discussion 

Regular quality assurance is one of the important 
conditions of correct diagnostic investigations. 1 1  

Routine quality control investigations in nucle
ar medicine laboratories provide mostly data on the 
technical parameters of the imaging devices, 12 but 
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the information relating to the clinical performance 
in patient investigation results is not reliable. 

The detectability of different Iesions can be 
evaluated by using organ phantoms. "Black box" 
phantom measurements provide valuable data which 
simultaneously reflect the performances of the im
aging instrument and the decision-making physi
cian. It is important, of course, that the basis of the 
study is the evaluation of the phantom images pro
duced in the same mode as the clinical reports on 
the patients. 

Various national and international organizations 
and working groups have so far reported results of 
intercomparison studies with thyroid, !iver, heart 
and brain phantoms.2.4,B,14 

Their conclusions indicate that the differences in 
the performances of the imaging instruments, in the 
acquisition and processing parameters of the imag
es, and in the performances of the observers Iead to 
significant differences in the clinical evaluation. 

The procedures applicable for intercomparison 
measurements of the information Iines between the 
imaging device and the patient report are becoming 
more effective. The images were initially evaluated 
by detecting the numbers of true-positive and false
negative findings. Later, different semiquantitative 
score methods were introduced which take into ac
count the accuracy of Iesion detection.8 So, due to 
the evaluation of the images, ROC curves can be 
generated.8•

9
•
10 The area under such a curve is an 

objective parameter for the characterization of the 
performance of an imaging and evaluating system. 

The list of available organ phantoms was sup
plemented by the bone phantom developed by Skret
ting and co-workers.6•7•14 to meet the increasing clin
ical importance of bone scintigraphic investigations. 
We consider transmission phantoms to be a useful 
compromise between practicability and reality, but 
a bone phantom based on the emission would have 
been closer to the clinical conditions. To establish 
the fine Iimitations of the devices, phantoms with 
lesions on the border of detectability are needed. 

Since examinations of the skeleton comprise a 
considerable proportion of nuclear medicine inves
tigations, we considered it important to investigate 
how certain technical measurement conditions in
fluence the quality of bone phantom images. 

We have studied how the type of the isotope 
source applied to generate the uniform radiation 
flood influences the medica! performance measura
ble by the ROC curves while other technical pa
rameters remaining constant. Having emphasized 

the clinical use, tests were performed on different 
types of cameras routinely used for bone scintigra
phy. In order to achieve realistic results, acquisition 
parameters corresponding to the clinical routine on 
each particular device were chosen for the phantom 
investigation. This was extended with a second, 
high-count data set in order to maximize the availa
ble information. 

The results of our measurements with three dif
ferent radiation flood sources (a 99m-Tc flood source, 
a 57-Co tlood source and the dynamic line phantom) 
demonstrate that ali of these sources are suitable for 
imaging the transmission bone phantom. 

We concluded by saying that a higher number 
of counts than that applied in routine clinical inves
tigations greatly improves the area under the ROC 
curves. This is especially important in whole body 
acquisitions, where an apparently good image qual
ity is needed in a relatively short tirne. The radionu
clide imaging equipment has nowadays nearly 
reached the limits of resolution achievable. The 
tirne during which a patient can remain motionless 
is limited. The theoretical alternative is to increase 
the activity injected. 15 This proposal has Iimita
tions. The approved levels of injected activity vary 
from country to country. It would seem that the 
activities used rely on the tradition and/or the ex
pense, and there is no a generally accepted scientif
ic basis for determining the activity employed. 15 

In accordance with the results Qf Skretting and 
co-workers,6 our investigations based on the images 
produced with routine clinical parameters demon
strated that whole body images usually produced 
lower ROC curve areas than in the case of static 
image evaluations. 

Our results reveal that the quality control of 
bone scintigraphy performed in a whole body or 
static mode with the transmission bone phantom is 
a procedure which can be included and applied in 
the quality assurance system of nuclear medicine 
laboratories. 
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