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Abstract 

Background:  Whole-body bone scintigraphy is a clinically useful non-invasive and 
highly sensitive imaging method enabling detection of metabolic changes at an early 
stage of disease, often earlier than with conventional radiologic procedures. Bone 
scintigraphy is one of the most common nuclear medicine methods used worldwide. 
Therefore, it is important that the examination is implemented and performed in an 
optimal manner giving the patient added value in the subsequent care process. The 
aim of this national multicentre survey was to investigate Swedish nuclear medicine 
departments compliance with European practice guidelines for bone scintigraphy. In 
addition, the effect of image acquisition parameters on the ability to detect metabolic 
lesions was investigated.

Methods:  Twenty-five hospital sites participated in the study. The SIMIND Monte Carlo 
(MC) simulation and the XCAT phantom were used to simulate ten fictive patient cases 
with increased metabolic activity distributed at ten different locations in the skeleton. 
The intensity of the metabolic activity was set into six different levels. Individual simula-
tions were performed for each site, corresponding to their specific camera system and 
acquisition parameters. Simulated image data sets were then sent to each site and 
were visually evaluated in terms of if there was one or several locations with increased 
metabolic activity relative to normal activity.

Result:  There is a high compliance in Sweden with the EANM guidelines regard-
ing image acquisition parameters for whole-body bone scintigraphy. However, up to 
40% of the participating sites acquire lower count density in the images than recom-
mended. Despite this, the image quality was adequate to maintain a stable detection 
level. None of the hospital sites or individual responders deviated according to the 
statistical analysis. There is a need for at least 2.5 times metabolic activity compared to 
normal for a lesion to be detected.

Conclusion:  The imaging process is well harmonized throughout the country and 
there is a high compliance with the EANM guidelines. There is a need for at least 2.5 
times the normal metabolic activity for a lesion to be detected as abnormal.

Keywords:  Multicentre survey, Bone scintigraphy, Image quality assurance, Detection 
degree, Monte Carlo
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Background
Whole-body bone scintigraphy constitutes a cornerstone of nuclear medicine imag-
ing procedures. Nowadays, Single Photon Emission Computed Tomography combined 
with Computed Tomography (SPECT/CT) is commonly used as a valuable complement 
to whole-body bone imaging, especially in doubtful cases. Together, they constitute a 
highly sensitive diagnostic nuclear medicine procedure where metabolic changes can be 
detected very early, often several weeks or even months before they become apparent 
with conventional radiological procedures [1]. In Sweden, bone scintigraphy is one of the 
most common nuclear medicine examinations, following Fluorodeoxyglucose Positron 
Emission Tomography (FDG-PET) and myocardial scintigraphy [2]. Therefore, bone 
scintigraphy is a natural part of the quality assurance (QA) program in nuclear medicine 
offered nationwide by Equalis AB [3] in Sweden. Equalis AB is a non-profit company 
providing external quality assessment of laboratory investigations within Swedish health 
care. Within this program, the goal is to ensure the quality of the entire nuclear medicine 
process, i.e., from referral, preparation, examination, interpretation and report. Another 
goal of Equalis QA program is to harmonize nuclear medicine examinations in Sweden. 
Patients should be able to expect a concordant reading from any nuclear medicine site.

It is challenging to cover all parts of an examination into one single QA program. Con-
ducting written surveys is an easy way to get an overview of used parameters. It allows 
the sites to see how other departments perform examinations and whether they har-
monize with guidelines. The European guidelines on bone scintigraphy [4] is a valuable 
reference to lean toward. However, surveys do not give any added value when assessing 
the resulting image quality and the associated report.

Physical phantom studies are useful for testing camera system performance, verifying 
data acquisition and quantification since the ground truth is known. However, due to 
the nature of physical phantoms, only generalized geometries can be investigated. The 
results obtained from such studies may not be directly applicable into a clinical situation. 
The distribution of a physical phantom in a large multicentre study is also cumbersome 
and resource-consuming. The pre-measurement preparation that needs to be performed 
on site could introduce additional uncertainties [5]. Nevertheless, physical phantoms 
have been used in several multicentre studies by Heikinnen [6–8]. In equivalence to 
physical phantom studies, results obtained from image data analysis based on MC-sim-
ulations can be compared to a known truth. MC simulations aided by anthropomorphic 
computer phantoms [9] have previously been used in several multicentre studies [5, 10]. 
The combination of a realistic phantom, with the capability of including respiratory and 
heart-beating motion patterns, and an accurate scintillation camera simulation package 
allows for complex, patient-like studies where realistic activity distributions also can be 
accounted for.

This work presents a national multicentre survey investigating whether Swedish 
nuclear medicine departments (hereafter called sites) follow the European guidelines 
regarding imaging parameters for whole-body bone scanning. Furthermore, an investi-
gation was done to investigate whether these parameters affect the assessment of the 
detection of ten different locations of increased metabolic activity in the skeleton based 
on simulated image data. This study was performed as a part of a national QA program 
in nuclear medicine, initiated and managed by Equalis AB.
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Methods
All twenty-eight nuclear medicine sites performing whole-body bone scans in Sweden 
2017 were invited to participate in this study. Twenty-five of these accepted the invi-
tation by completing a form providing information on their imaging system, acquisi-
tion protocol for whole-body bone scan and the administrated activity routinely used. 
The acquisition parameters were compared to parameters recommended by the EANM 
guidelines [4]. SPECT/CT was not included in this study.

Monte Carlo simulations

Each participating site reported the method used for whole-body scanning, e.g., the 
camera system, camera settings (energy window, matrix size, pixel size, scan speed, 
collimator), the administered activity and the time interval between the injection and 
the scanning. Values for the crystal thickness, energy resolution and the intrinsic spa-
tial resolution were taken from each vendor’s specification. The SIMIND MC program 
[11] and the XCAT anthropomorphic computer phantom [9] were then used to simu-
late whole-body bone scan data. Simulations were performed for each site using their 
specific camera settings. The virtual phantom corresponded to a 180 cm tall male that 
weighs 85 kg. The bone-to-background ratio of the activity concentration in the phan-
tom was set to 85:1, based on clinical and simulation experience. This yielded a contrast 
ratio between bone and background in the simulated anterior and posterior images that 
lies in the range for a patient with normal functioning kidneys and of the same size as the 
phantom. The bone-to-kidney activity concentration ratio was set to 4:1, also based on 
clinical and simulation experience. To mimic real measurements the simulations were 
performed with sufficient histories to generate noiseless data. Poisson noise was added 
after the simulations, corresponding to the count level representative for the adminis-
trated activity and acquisition time used at each site.

Ten fictive cases were simulated using the same XCAT virtual phantom for all cases. 
Each case had ten different locations of increased metabolic activity and each location 
had a specific volume (Fig. 1), chosen by experienced physicians to cover common loca-
tions in clinical bone scintigraphy. The metabolic activity ratio, i.e., the ratio between 
increased metabolic activity and normal metabolic activity in bone was set to six dif-
ferent levels between 1.0 and 3.5. The locations, the volumes and the distribution of the 
metabolic activity ratios are given in Table 1.

The final whole-body scans were converted into DICOM-format and sent to the 
respective site to be imported into their evaluation software, in total ten cases were sent 
to each participating site.

Image analysis and evaluation

All clinical professions in the nuclear medicine sites were encouraged to participate in 
the study, here called individual responses. All sites were also encouraged to report a 
clinical response, i.e., a joint agreement in the clinic.

In the image evaluation study, the participants at each hospital were asked to per-
form a visual evaluation of their specific simulated cases and report the result in 
terms of increased metabolic activity relative to normal metabolic activity in the 
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skeleton. No medical history was included. A response protocol was attached to 
each case. Findings of locations with increased metabolic activity were to be marked 
with a small circle, at each location where an increased metabolic activity level was 
found. The participants were informed that there were no limitations in the number 

Fig. 1  The image shows the original XCAT phantom with skeletal uptake and maximum metabolic activity in 
the specified locations a the cranium, b scapula, c humerus, d the rib, e thoracic vertebral column, f lumbar 
vertebral column, g os ileum, h os pubis, i sacrum and j femur diaphysis

Table 1  The different locations, the volumes and the corresponding ratio between increased 
metabolic activity normal metabolic activity in bone

Location Volume (cm3) Case number

1 2 3 4 5 6 7 8 9 10

a) The cranium 2.9 1.5 1.0 1.0 3.5 2.0 3.0 1.0 2.5 2.5 1.0

b) Scapula 6.0 1.0 2.0 1.0 3.0 1.0 3.5 1.0 2.5 1.0 1.5

c) Humerus 3.5 1.5 2.0 1.0 3.5 1.0 3.0 1.0 1.0 2.5 1.0

d) Rib 4.6 1.0 1.0 1.0 3.0 1.5 3.5 1.0 2.0 2.5 1.5

e) Thoracic vertebral column 13.0 1.0 2.5 1.5 3.5 2.0 3.0 1.0 3.0 3.0 1.0

f ) Lumbar vertebral column 13.5 1.5 2.5 1.0 3.5 1.0 3.0 1.0 2.5 3.5 2.0

g) Os ileum 6.3 1.5 1.0 1.0 3.5 1.0 3.0 1.0 2.5 1.0 2.0

h) Os pubis 5.0 1.5 2.5 1.5 3.5 2.0 3.0 1.0 1.0 3.0 2.5

i) Sacrum 2.6 1.0 2.0 1.0 3.5 1.5 1.0 1.0 2.5 3.0 1.0

j) Femur diaphysis 4.8 1.0 1.0 1.0 3.0 1.0 3.5 1.0 2.0 2.5 1.5
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of locations with increased metabolic activity. This resulted in ten response protocols, 
from each participant. The reported findings were compared to the true values in 
each location. The number of protocols containing false positive findings were com-
pared to the total number of protocols. Each participant also had to answer a ques-
tionnaire about profession, degree of education, number of years in the profession 
and if they sign clinical assessments of bone scan examinations independently.

Statistical analysis

Statistical analysis of the results was carried out using logistic regression [12] where the 
correct answer was used as the dependent variable and including all categorical vari-
ables as the answer from the responders, i.e., the sites, type of responses, cases, meta-
bolic activity locations and volumes, professions, gamma camera type and continuous 
variables as pixel size and count density. A p value < 0.05 was considered to be statistical 
significant. The result from the logistic regression was also used to calculate a receiver 
operating curve (ROC) (12) using IBM@ SPSS@ Statistics version 25. The sensitivity and 
specificity were calculated based on the answer from the responders compared to the 
correct answer.

Results
The number of nuclear medicine sites that answered the acquisition parameter survey 
were twenty-five. A few sites reported parameters from more than one gamma cam-
era system. The reported acquisition parameters from the different sites, used in the 
Monte Carlo simulations, are listed in Table 2, together with the recommendations from 
EANM. Overall, the compliance with the EANM guidelines is good. Deviations were 
found in one site that uses a broader energy window than recommended and three sites 
differed from the recommendation on scan velocity. However, there was a remarkable 
deviation from the EANM guideline for the total number of counts in the final images. 
The anterior counts from all simulated images ranged from 0.9 to 2.4 Mcounts, and the 
posterior counts ranged from 1.0 to 2.9 Mcounts. Only 15 of 25 sites fulfilled the recom-
mendation of at least 1.5 Mcounts in both the anterior and posterior image. Case num-
ber 7 resulted in the lowest number of counts for both anterior and posterior images. 
As expected, there was little difference in total number of counts between the different 
cases for a specific gamma camera system.

Twenty-three sites answered the image evaluation study. The number of individual 
responses were in total 65, and the distribution between professions and their expe-
rience is shown in Table  3. Eleven clinical responses were submitted. The result from 
the statistical evaluation of the image evaluation study using logistic regression shows 
that no statistical differences could be indicated with a 95% confidence, in the results 
between different sites. Among the individual responses, there was not either any sta-
tistical differences. There were no statistical differences between clinical responses and 
individual responses, nor between the different professions. Furthermore, no statistical 
differences were obtained when considering the count density in the images or the dif-
ferent volumes of increased metabolic activity. Nor was there any statistical difference, 
using different acquisition parameters, such as type of gamma camera or pixel sizes in 
the images.
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The statistical analysis using ROC for the method whole-body scintigraphy, 
resulted in an area under the curve (AUC) 0.885 with a confidence interval of 
0.878–0.892. The calculated values for the sensitivity, the specificity and AUC based 
on logistic regression is shown in Table  4. The result shows that the AUC-value 
increases as the low activity levels are excluded in the calculation, confirming the 
increase in sensitivity when considering higher uptake lesions.

The result of the image evaluation study for all the individual responses is dis-
played in Fig. 2, for each location. There is a clear limit at intensity 2.5 times the nor-
mal activity where a majority of the participants reported the increased metabolic 
activity. More than 60% of the participants reported the increased activity localized 
in the cranium, scapula, the rib, the thoracic vertebrae column, and sacrum. In the 
lumbar vertebra column and in the os pubis, 3.0 times as high metabolic activity 
than in normal skeleton is required in order to be detected by more than 60% of 
the participants. In the humerus, the corresponding increase in metabolic activity 
required was 3.5.

In Fig.  3, the simulated patient case number eight is shown for sites 1 and 118, 
both with and without added Poisson noise. This patient case has increased meta-
bolic activity in all locations except in the humerus and os pubis. Site number 118 
detected all locations with increased metabolic activity and site number 1, did not 
detect any of these, in their respective clinical responses. Among the individual 
responses, there were 32–55% of the reports, that contained one or several false pos-
itive findings. Among the clinical responses, the corresponding range was 9–27%. 
The proportion of false positive findings in the clinical responses assessed on 
images containing 1.5 Mcounts or more were 26% compared to 15% in the responses 
assessed on images containing counts less than 1.5 Mcounts.

Table 3  The number of responses and the distribution between different professions

Total number of responses 76

Experienced medical doctors 32

Not experienced medical doctors 6

Nurse/technologists 24

Physicists 3

Clinical responses 11

Table 4  The values for the sensitivity, specificity and the AUC, for the whole-body scintigraphy 
method including different activity levels in the calculation

Number of 
locations

Activity levels included Sensitivity (%) Specificity (%) AUC​

7597 1, 1.5, 2.0, 2.5, 3.0, 3.5 51 94 0.885

6609 1, –, 2.0, 2.5, 3.0, 3.5 80 94 0.953

5849 1, –, –, 2.5, 3.0, 3.5 73 94 0.988

4862 1, –, –, –, 3.0, 3.5 81 94 1.000

3875 1, –, –, –, –, 3.5 82 94 1.000
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Fig. 2  The percentage true positive lesions plotted against the ratio between the increased metabolic 
activity level compared to normal activity in the skeleton, for the ten different locations a the cranium, b 
scapula, c humerus, d the rib, e thoracic vertebral column, f lumbar vertebral column, g os ileum, h os pubis, i 
sacrum and j femur diaphysis
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Fig. 2  continued
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Discussion
Our study shows that the compliance with the EANM guidelines is high in a majority 
of the nuclear medicine sites in Sweden. No clinic had deviating results regarding the 
image evaluation study. The imaging process is harmonized throughout the country 
and there is no doubt that bone scintigraphy is a valuable method for detection of 

Fig. 3  Four simulated whole-body scans for patient case eight are shown in a images from site number 1 
and in b images from site number 118. In image i) the anterior view and image ii) the posterior view without 
noise shown. In image iii) the anterior view and in image iv) the posterior view with noise is shown
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increased metabolic activity in the skeleton. However, the results from the ROC-anal-
ysis still show room for improvement.

The image quality is fundamental for clinical assessment of images. Physical char-
acteristics important for the image quality in nuclear medicine are the spatial resolu-
tion, the contrast and noise. All these factors depend on the pixel size, the collimator 
used and the count density in the image determined by the administered activity and 
the scan speed. In this study, the detectability refers to the ability to detect locations 
with increased metabolic activity. It is a definition closer to the clinic approach to image 
analysis and interpretation comparing with the Rose criterion [13], according to which 
the contrast-to-noise ratio must exceed 3–5 for an object to be detectable.

To assure a “good enough” image quality in whole-body bone scintigraphy, the EANM 
guidelines are valuable to lean toward. The sites in Sweden follow the guidelines regard-
ing pixel size and the collimator used. However, there was a great deviation from the 
guidelines regarding the count density in the image, where 40% of the sites acquire a 
lower number of counts. In the guideline from EANM, 2016 [4], the recommendation is 
that the scanning speed should be adjusted so that routine anterior and posterior whole-
body images each contain more than 1.5 Mcounts. In this study, the total count density, 
i.e., the sum of the anterior and the posterior images, varied from 1.9 Mcounts to 5.3 
Mcounts. For this image evaluation study, the count density did not affect the detection 
degree, probably due to the way of defining detectability. The ratio between increased 
metabolic activity and normal metabolic activity in bone was set at fixed levels, Table 1, 
regardless of the count density. The responders detected locations with increased activity 
just as well in images with lower count densities. The volumes of the increased metabolic 
activity differed between locations, as shown in Table 1. It is expected that detectabil-
ity for the smallest volumes (2.6 cm3) will be affected by limited spatial resolution. In 
this study, the lesion volumes did not significantly affect the detection degree. A study 
should be designed to vary the different parameters affecting detectability systematically. 
Consequently, the results from our study therefore do not question EANMS’ recommen-
dations regarding adequate count density, something that is supported by previous stud-
ies [14]. Gustafsson et al. performed a visual grading study that resulted in a significant 
improvement in perceived image quality using an activity level of 600 MBq compared to 
lower activity levels in whole-body bone scintigraphy.

Following intravenous injection 50% of the 99mTc-diphosphonates accumulate in the 
skeleton [15]. The factors determining bone uptake of 99mTc-diphosphonate complexes 
are increased blood flow to the skeleton and reactive bone formation [16, 17]. In the 
present study, based on MC simulations, the effects from physiological differences in the 
accumulation mechanism or the time difference between injection and image acquisi-
tion are not included. A possible method to improve the detectability of increased meta-
bolic activity is to increase the bone-to-background ratio by lowering the background 
level in the images. A longer waiting time between injection and image acquisition tends 
to increase the bone-to-background ratio [4]. All sites in Sweden follow the recommen-
dation from EANM [3] of 2–5 h between injection and image acquisition. By hydrating 
the patient during the waiting time between the injection and the examination, further 
optimization is possible according to Starck et al. [18]. The result of their study showed 
a reduction of number of counts in the background as well as a reduced effective dose 
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to the patients. This reinforces the idea that the detection degree may not strongly be 
affected by the total image count density but is dependent on the bone-to-background 
ratio. Thus, the count density in the lesion of interest will influence the detection degree.

It is essential to notice that even these ten cases are fictive, the increased activity was 
positioned in relevant clinical locations. This study shows that the detection degree of 
increased metabolic activity in the skeleton using whole-body bone scintigraphy is about 
2.5 times the normal activity in bone. The detection degree depends on the location of 
the uptake, Fig. 2. It seems easier to detect uptake in the rib than uptake in the humerus 
or os pubis. It is reasonable to make the conclusion that uptake at superficial locations 
with less surrounding soft tissue, for instance in the rib or the cranium, are less affected 
by attenuation, will have better contrast, and are easier to detect than corresponding 
uptakes in deeper locations where there is more surrounding soft tissue, for instance 
the lumbar vertebrae. This study did not include SPECT/CT, that would possibly have 
increased the detection degree at deeper locations [19].

The sensitivity in this study turns out to be in the range 51–82% depending on which 
activity ratios of the lesions were included in the calculation, Table  4. This result is 
slightly lower compared to the results from a study by Liu et al. [20] where the sensitiv-
ity for bone scintigraphy was in the range 74–84%. The lower values in this study are 
obtained when we include the lowest metabolic ratios, which may not even be clinically 
relevant, as shown in Fig. 2.

The statistical analysis showed no significant difference between individual and clini-
cal responses regarding false positive findings. The specificity calculated in this study is 
comparable to results from Liu et al. [20]. However, the number of false positive find-
ings was lower for the clinical responses. We expect that when experienced responders 
work together with less experienced, valuable learning takes place that could lead to a 
more correct interpretation. There was no significant difference between the professions 
regarding either detection of false positives or true positives in this study. However, no 
medical history was given, i.e., there were no background information available that usu-
ally are the case in daily clinical interpretation of whole-body bone scintigraphies, this 
means that the competence of the physician was not fully taken into account. Moreover, 
the responders may be biased by assessing previous cases with metabolic activity uptake 
in corresponding locations. The fraction of false positive findings would probably have 
been lower if SPECT/CT were included in the study [19].

A limitation with this study was that we only changed the intensity of the lesion at the 
different locations and not the sizes. As mentioned, the detectability of a lesion should 
depend in theory on the size, intensity and location of the lesion. By systematically vary-
ing these factors, it is possible to evaluate the detectability in a more controlled man-
ner. Since the primary focus with this study was to carry out a multicentre evaluation of 
image quality, the lesion sizes as well as intensity and location were selected so that the 
image of the phantom mimicked, to as large an extent as possible, that of an ordinary 
bone scans, that can be seen in the clinic on a regular basis. Furthermore, this study was 
based on simulations that is not equal to a real measurement since effects of, e.g., non-
perfect intrinsic spatial uniformity and linearity was not modeled. Patient movement 
was not modeled either. The outcome of this study may therefore be better than if actual 
patients were included in the study.
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Conclusion
In this study, a digital phantom and MC-simulation method were used to generate ten 
whole-body bone scintigraphy cases for a multicentre survey in Sweden. The imaging 
process is well harmonized throughout the country and there is no doubt that bone scin-
tigraphy is a valuable method for detecting increased metabolic activity in the skeleton. 
There is high compliance with the EANM guidelines regarding imaging parameters. 
However, up to 40% of the participating sites have lower count density in the images 
than recommended. There is a need for at least 2.5 times the normal metabolic activity 
for a lesion to be detected as abnormal.
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