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ABSTRACT
The objective was to study factors that affect
standardized uptake value (SUV) measurement of
quantitative 99mTc-MDP bone SPECT/CT using phantom.
A cylindrical phantom was used to determine a calibration
factor and a NEMA body phantom was used to measure
SUV. 99mTc solution with activity of 16.38 kBq/ml was
filled in the cylindrical phantom and background activity
of 99mTc in the NEMA phantom with TBR of 7:1 was 18
kBq/ml. SPECT/CT data were acquired based on clinical
protocol and 3D images were reconstructed using OS-EM
algorithm with compensation for degrading factors. Both
SUVs including SUVmean and SUVmax were measured using
Q.Metrix software and the effect of iterative update and
sphere size on SUVs were investigated. The study showed
that increasing iterative updates resulted in increasing both
SUVs for all spheres and %differences of measured SUVs
comparing with true SUV for all spheres tended to increase
when sphere size decreased due to PVE.
Keywords: Phantom study, SUV, 99mTc-MDP, SPECT/CT
1. INTRODUCTION
Nowadays, activity quantification in nuclear
medicine is increasingly used for a variety of clinical
applications including dosimetry, diagnosis and
monitoring tumor response to therapy. In quantitative
single photon emission computed tomography/computed
tomography (SPECT/CT) imaging, several published
clinical studies have reported the use of quantitative value
such as standardized uptake value (SUV) for 99mTc-MDP
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bone SPECT/CT and have shown to be useful for
evaluation of bone disease and normal bone [1-4].
To measure SUV, a calibration factor is needed in
order to convert counts in voxels of the reconstructed
images into radioactivity per volume (i.e., kBq/ml), which
is called tissue concentration. Thus, SUV is possible to
measure by normalizing tissue concentration measured in
volume of interest (VOI) with injected radioactivity and
patient body weight or body surface area.
Quantitative data require quantification of organ or
tumor activities in nuclear medicine images. However,
there are several factors that affect reliability of
quantitative data of the images and these factors include
physical factors, parameters for imaging protocol and
image reconstruction, biology and physiology of patient
[5]. The physical factors that are attenuation, scatter,
collimator-detector response (CDR), and partial volume
effect (PVE) must be addressed in order to achieve reliable
results and iterative reconstruction is the most commonly
used method for compensating these physical factors.
The aim of this study was to study the factors that
affect the measurement of SUVs including mean SUV
(SUVmean) and maximum SUV (SUVmax) on quantitative
99m
Tc-MDP bone SPECT/CT. The number of iterative
updates of OS-EM algorithm with compensation for
attenuation, scatter, and resolution recovery, and sphere
sizes on SUVs were investigated using a NEMA body
phantom.
2. MATERIALS AND METHODS
2.1.

Measurement of tumor to background ratio
(TBR) from clinical data

It is essential to simulate the sphere of the NEMA
body phantom similar to tumor found in clinical data. In
this study, tumor to background ratio (TBR) was measured
from 35 retrospective data (92 bone lesions) of 99mTc-MDP
bone SPECT/CT studies and the data collection process
was approved by local ethic committee. To measure TBR,
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the SPECT data were reconstructed using 3D OS-EM
algorithm with 2 iterations and 10 subsets. In the
reconstruction, compensations for attenuation, scatter and
resolution recovery without post-reconstruction filtering
were used and all reconstruction parameters were based on
clinical protocol.
After obtaining the quantitative reconstructed
SPECT images, volume of interest (VOI) was drawn
around each abnormal bone lesion in the transaxial SPECT
images and total counts in the VOI were measured. This
VOI was then copied to normal bone and background area
in the same slice as bone lesion was presented. After that,
total counts for normal bone and background area were
measured and thus, TBR was calculated as follows [6]:
TBR =

Abnormal lesion counts - Background counts
Normal bone counts - Background counts

CF =

R
Vvol ∙Cvol

× exp(

× (1 - exp((1)

In this study, the average TBR that was measured
from 92 lesions of bone metastasis was 7.01 ± 5.86
(average ± SD) and this TBR was used to set the contrast
of hot spheres in the NEMA body phantom.
2.2.

The slice thickness was 2.5 mm and matrix size was 512 ×
512.
The projection data were reconstructed using 3D
OS-EM algorithm with 2 iterations and 10 subsets. The
data were corrected for CT-based attenuation correction
and dual-energy window-based scatter correction without
post-reconstruction filtering. To measure calibration
factor, a large VOI, Vvol, was drawn in the reconstructed
images for the whole volume of the cylindrical phantom
and total counts for a large VOI, Cvol, were measured. The
calibration factor (CF) was then calculated as follows [7]:

Determination of calibration factor

A large cylindrical phantom with a diameter of 20
cm, height of 22 cm, weight of 7.6 kg, and a total volume
of 5,500 ml as shown in Figure 1, was used to measure a
calibration factor. The phantom was filled with 99mTc
solution with activity concentration of 16.38 kBq/ml. The
projection data were acquired using GE Discovery NM/CT
670 Pro SPECT/CT system with LEHR collimator based
on clinical routine protocol of 99mTc-MDP bone
SPECT/CT imaging at Division of Nuclear Medicine,
Siriraj hospital.

T0 - Tcal
T1/2

Tacq
ln2))-1
T1/2

ln2) × (

Tacq
T1/2

ln2)

(2)

where R is the counting rate derived from the
reconstructed image (counts/dwell time) and measured in
VOI. T0 is the start time of acquisition, T cal is the time of
the activity calibration, T1/2 is the half-life of the
radioisotope, and Tacq is the time duration of the
acquisition. In this study, the calculated calibration factor
was 4.92 cps/kBq. This calibration factor was used later for
SUV measurement.
2.3.
2.3.1

A phantom study
Phantom preparation

A NEMA body phantom, which consists of a torso
cavity, and six spheres with inner diameters of 10, 13, 17,
22, 28 and 37 mm was used as shown in Figure 2. The
phantom mimics the shape of an upper human body with
24.1 × 30.5 × 24.1 cm (height × width × depth). The total
volume of this phantom is 10,012 ml and the weight is 10.1
kg without lung insert. To mimic tumor, each sphere was
filled with 99mTc solution and TBR of 7:1 was studied
according to retrospective patient data. In addition, activity
concentration level in the background of the phantom was
18 kBq/ml, which was obtained from published clinical
study of 99mTc-MDP bone SPECT/CT imaging [8].

Figure 1. A large cylindrical phantom.
For 99mTc-MDP bone SPECT/CT protocol, the
emission data were firstly acquired using step-and-shoot
data acquisition with 60 projections over 360-degree, 15
seconds per step, 6-degree angular step, non-circular orbit,
and matrix size of 128 × 128. For energy setting, the
photopeak window was set at 140 keV with 20% window
width and the scatter window was set at 120 keV with 10%
window width. After that, CT scan of the phantom was
performed using tube voltage of 140 kVp and Smart mA.

Figure 2. A NEMA body phantom with six spheres
varying in sizes.
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2.3.2

Data acquisition and image reconstruction

SPECT/CT imaging of NEMA phantom was
performed for three times based on clinical protocol as
mentioned previously. To obtain quantitative data, SPECT
data were reconstructed using 3D OS-EM algorithm with
compensation for attenuation, scatter and resolution
recovery. In this study, the number of iterative update of
the OS-EM algorithm was investigated by varying the
number of iterations from 1 to 5 with 10 subsets. The
reconstructed images for each iterative update was then
post-filtered using Butterworth filter with cut-off
frequency of 0.48 cycle/cm and order of 10.
2.3.3
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values for all 5 spheres. The %difference of SUVmean
decreased when the number of iterative update increased
and the highest of %difference was found for the smallest
sphere size.
Similarly, for all iterative updates, underestimation
of SUVmax were found for the 4 spheres from 13 mm to 28
mm. However, for the largest sphere of 37 mm,
underestimated values were found at 10 iterative updates
while the other updates from 20 to 50 updates provided
overestimation of SUVmax.
37mm

28mm

17mm

13mm

22mm

5

Measurement of standardized uptake value
(SUV)

4.5
4

2.4.

3.5

SUVmean

Commercially available Q.Matrix software was
used to measure SUVs including SUVmean and SUVmax. The
transaxial images for both SPECT and CT were used in the
software. In addition, the software required calibration
factor, patient and radiotracer information. To measure
SUV, the VOI was drawn semi-automatically for each
sphere of the phantom based on the low-dose CT images.
We carefully drawn the VOI to cover the entire volume of
the sphere. Finally, SUVs for each sphere were measured.
According to the triple data acquisition, average values of
SUVmean and SUVmax for each iterative update and sphere
size were calculated.
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Data analysis
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For each sphere, the measured SUVs of each
iterative update of the OS-EM algorithm were compared
with true SUV (SUVtrue), which was 7.06 g/ml, and the
percentage of difference (%difference) was calculated as
follows:
SUVtrue

28mm

17mm

13mm

22mm

10
9

× 100

8

(3)

3. RESULTS
The results of the phantom study with TBR of 7:1
showed that the smallest sphere size that could be detected
was 13 mm. Thus, both SUVs (SUVmean and SUVmax) were
measured for five spheres from 13 mm to 37 mm. For the
effect of iterative update of OS-EM algorithm, plots of
SUVmean and SUVmax as a function of iterative update are
shown in Figure 3 and the results showed that both SUVs
for all sphere sizes increased when the number of iterative
updates increased from 10 to 50.
When comparing with SUVtrue, %differences of
SUVmean and SUVmax of each sphere for each iterative
update are shown in Table 1 and Table 2, respectively. For
all iterative updates, SUVmean provided underestimated

SUVmax

%Difference =

SUVtrue - SUVmeasured

37mm
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(B)
Figure 3. Plots of SUVmean (A) and SUVmax (B) as a
function of iteration update for all spheres with TBR of 7:1.
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Table 1. The percentage of difference (%difference) of
SUVmean with a number of iterative update.
%Difference of SUVmean
Iterative

Sphere Size (mm)

Update

37

28

22

17

13

10

-54.83

-69.27

-76.63

-80.32

-82.02

20

-43.36

-60.29

-68.70

-75.93

-79.33

30

-39.67

-56.81

-63.32

-72.95

-75.78

40

-38.16

-55.11

-59.92

-70.40

-74.65

50

-37.12

-53.98

-57.80

-68.70

-71.39

Table 2. The percentage of difference (%difference) of
SUVmax with a number of iterative update.
%Difference of SUVmax
Iterative
Update

Sphere Size (mm)
37

28

22

17

13

10

-21.55

-52.70

-68.70

-73.23

-78.57

20

8.61

-28.63

-50.58

-65.87

-70.83

30

18.39

-16.02

-35.14

-57.52

-62.47

40

26.46

-7.67

-22.68

-50.58

-54.68

50

31.98

-1.30

-12.77

-45.05

-47.74

4. DISCUSSION
SPECT data are affected by several physical factors
such as photon attenuation, scatter, collimator-detector
response, and partial volume effect [5]. Reliability of
quantification in SPECT can be achieved by compensating
all of these factors via the use of iterative reconstruction
(IR)-based compensation. Several publications have
reported the use of IR-based compensation to improve
image quality and quantitative accuracy [9-13]. The OSEM is often the IR algorithm of choice and commonly used
in clinic. For this reason, this study used OS-EM algorithm
with compensations for attenuation, scatter, and resolution
recovery in order to achieve quantitative data.
Another requirement for absolute quantification is a
calibration factor, which is used for converting counts of
the reconstructed images into concentration of
radioactivity. In this study, the calibration factor was
obtained by using a large cylindrical phantom, which was
similar to several published studies [13, 14]. This phantom
is recommended in order to avoid partial volume effect. In
addition, An et al. [15] reported that inaccuracy of
measured activity was reduced when the calibration factor
using a uniform cylindrical phantom was applied
comparing with a Petri dish.

To study factors affecting SUVs, the NEMA body
phantom with TBR of 7:1, which was obtained from
clinical patient data, was studied and we found that the
sphere size with diameter of 10 mm was undetected and
this result was similar to several published studies [8, 16].
However, other five spheres (13 mm to 37 mm) were
visible and used to measure SUVmean and SUVmax. For the
effect of number of iterative update, the OS-EM algorithm
with 10 subsets was used and iterative update was varied
from 10 to 50 updates. The result showed that when
iterative update increased, SUVmean and SUVmax also
increased. The results of this study were similar to several
published PET studies, which mentioned that SUV tended
to increase when the iterative update increased [17, 18].
For the effect of sphere size, %differences of
measured SUVs comparing with true SUV increased for
smaller spheres. Similarly, Nakahara et al. [8] showed that
all SUVs (SUVmean, SUVmax, and SUVpeak) tended to
decrease when sphere size decreased for all four
SPECT/CT system. Moreover, Baily et al. [12] studied
SUV measurement in SPECT using IEC phantom with
TBR of 8.2 and reported that %difference of SUV was
increased for smaller spheres.
The reason for underestimation of SUV as reported
in this study is due to partial volume effect (PVE) that
arises from the finite spatial resolution of the imaging
system. The PVE can strongly affect qualitative and
quantitative measurements. For any hot tumor with a small
size, the maximum value in the hot tumor will be lower
than the actual value [20]. To reduce this effect, the
correction for PVE must be applied. Several methods for
PVE correction have been proposed and a review of partial
volume correction techniques for emission tomography can
be found in Erlandsson et al. [21]. Recovery coefficient
(RC) is a simple method for PVE correction and is defined
as the measured activity concentration of an object divided
by its true concentration. The RC-based correction for PVE
will be applied in the future study in order to achieve
accurate SUV.
5. CONCLUSION
A large cylindrical phantom was used in this study
to measure a calibration factor, which was used for
converting counts in the images into activity concentration.
For factors affecting SUVs (SUV mean and SUVmax), the
number of iterative update of the OS-EM algorithm with
compensation for physical factors and sphere size were
investigated using a NEMA body phantom. For TBR of
7:1, five sphere sizes from 13 mm to 37 mm could be
detected while the smallest sphere of 10 mm was
undetected. When the iterative update increased, both
measured SUVs increased. The smallest sphere size
provided the highest %difference of SUVs and PVE played
an important role for this effect.
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