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Introduction: Organ-based tube current modulation (OBTCM) is designed for anterior dose reduction in
Computed Tomography (CT). The purpose was to assess dose reduction capability in chest CT using three
organ dose modulation systems at different kVp settings. Furthermore, noise, diagnostic image quality
and tumour detection was assessed.
Methods: A Lungman phantomwas scanned with and without OBTCM at 80e135/140 kVp using three CT
scanners; Canon Aquillion Prime, GE Revolution CT and Siemens Somatom Flash. Thermo-luminescent
dosimeters were attached to the phantom surface and all scans were repeated five times. Image noise
was measured in three ROIs at the level of the carina. Three observers visually scored the images using a
fivestep scale. A Wilcoxon Signed-Rank test was used for statistical analysis of differences.
Results: Using the GE revolution CT scanner, dose reductions between 1.10 mSv (12%) and 1.56 mSv (24%)
(p < 0.01) were found in the anterior segment and no differences posteriorly and laterally. Total dose
reductions between 0.64 (8%) and 0.91 mSv (13%) were found across kVp levels (p < 0.00001). Maximum
noise increase with OBTCM was 0.8 HU. With the Canon system, anterior dose reductions of 6e10% and
total dose reduction of 0.74e0.76 mSv across kVp levels (p < 0.001) were found with a maximum noise
increase of 1.1 HU. For the Siemens system, dose increased by 22e51% anteriorly; except at 100 kVp
where no dose difference was found. Noise decreased by 1 to 1.5 HU.
Conclusion: Organ based tube current modulation is capable of anterior and total dose reduction with
minimal loss of image quality in vendors that do not increase posterior dose.
Implications for practice: This research highlights the importance of being familiar with dose reduction
technologies.

© 2020 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
Introduction

Organ-based tube current modulation (OBTCM) is a technique
designed for anterior dose reduction, potentially reducing radiation
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dose to radiosensitive organs such as the breasts and eye lens in
computed tomography (CT). The major vendors have specific so-
lutions, and all systems decrease the tube current when the tube is
within a specified angle between 120 and 180� anteriorly.1e3

Resulting dose reduction of up to 50% to the breasts and other
anterior organs has been demonstrated2,4,5 with acceptable noise
increase up to 16%.6e8 While the Siemens OBTCM system increase
tube current posteriorly to maintain image quality, the GE and
Canon systems similarly reduce tube current anteriorly, but do not
increase posteriorly and thus, image quality may be affected. Bis-
muth shieldingmay reduce dose similarly, but it has disadvantages,
served.
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Table 1
Diameter and anatomical position of the phantom tumours. Attenua-
tion was 100 and �630 HU for each tumour size.

Diameter (mm) Anatomical position

5 Lung tissue:
- Apical right/left
- Lower lobe right/left

8 Subpleural
12 Hilus region, right/left
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i.e. reduced signal and artefacts9,10 and especially the risk of
increased dosewhen used in combinationwith automatic exposure
control. Thus, the American Association of Physicists in Medicine
recommends using other approaches to reduce the radiation dose
to radiosensitive organs.11 OBTCM is a more efficacious method
with proven dose reduction potential in breast, head, neck and
thyroid both experimentally and clinically.12e17 However, to our
knowledge no studies have compared the dose reduction potential
between kVp-levels and vendors.

This project set out to examine dose reduction in chest CT using
different organ dose modulation systems at different kVp settings
when diagnostic image quality, including the visibility of lung
nodules was assessed.
Methods

In this experimental phantom study radiation dose and image
quality in chest CTwas compared across three CT scanners with and
without organ dose modulation at a range of kVp settings.

According to Danish law ethical approval was not required for
this research project as scans were performed on a phantom.
Phantom

An adult anthropomorphic N1 Lungman chest phantom (Kyoto
Kagaku Co., Kyoto, Japan) was used with in-house custom-designed
breasts containing a volume of 574mL, reflecting the average breast
size in a Caucasian sample.18 To determine thematerial used for the
breast, Hounsfield unit (HU) measurements were performed in a
sample of 50 female patients using PACS data, with a range be-
tween�23.0 and�98.0 HU, respectively, with amean of�56.4. The
breasts consisted of a mixture of refined porcine fat (1040 g), egg
whites (310 g) and gelatin (36 g) with an attenuation of �56 HU at
120 kVp, simulating the attenuation of female breast tissue. Each
breast was casted in a form that simulated the breast in a supine
position and was subsequently attached to the phantom (Fig. 1).

Six phantom tumours were positioned in the chest cavity in
different positions according to Table 1. The tumours covered the
relevant sizes, types and risk categories in the Fleischner guide-
lines,19 i.e. with attenuation of 100 HUmimicking solid nodules and
�630 HU mimicking subsolid nodules and diameters of 5, 8 and
12 mm. The exact position of each tumour was changed between
Figure 1. Image of the in-house custom-designed breasts attached to the phantom.
each scan and a scanwithout tumours was acquired at each kV step
(Fig. 2.).

Image acquisition

The study was performed using three CT-scanners: Canon
Aquilion Prime (Canon Medical Systems Corporation, Otawara
Tochigi, Japan), GE Revolution CT (GE Healthcare, Waukesha, WI,
USA) and Siemens Somatom Flash (Siemens Healthcare GmbH,
Erlangen, Germany). All scans were performed using standard
clinical chest protocols, with and without organ based tube current
modulation. The technical settings for the scan protocols are listed
in Table 2. The scanners were all calibrated according to depart-
ment quality assurance protocols and the scans were repeated five
times at each setting to allow averaging of dose measurements and
to compensate for generator instability, tube fluctuations and
variation in X-ray tube position during helical rotations.

Radiation dose measurements

Absorbed equivalent radiation dose was measured using MTS-
N type 100 thermo-luminescent dosimeters (TLD) (Radcard s.c.,
Krak�ow, Poland) annealed and calibrated according to Interna-
tional Electrotechnical Commision report 1066, Feb. 1993 using an
IR-2000 dosimeter irradiator (RadPro International GmbH, Wer-
melskirchen, Germany) containing a Strontium-90 source with a
reference dose of 443 mSv. The TLDs were positioned at a single
anatomical level corresponding to the centre of the breasts at
eight different locations on the surface of the phantom (Fig. 2) and
radiation dose was recorded using a RE-2000 automatic TLD
reader (RadPro International GmbH, Wermelskirchen, Germany).
According to the manufacturer the TLDs have a sensitivity spread
of ±4.5%. Four TLDs were used to measure the background radi-
ation. Displayed Dose length Product (DLP) was also recorded for
each scan.

Image quality assessment

Image quality was assessed using visual grading analysis
(VGA)20 performed by three radiologists with 6, 14 and 22 years of
experience using a five-point scale according to Ludewig et al.21

(Table 3). The images were presented using ViewDex22,23 and a
2MP monitor with a luminance of 170 cd/m2 quality checked and
maintained according to DICOM part 14, Grayscale Standard
Display Function and. The images were presented as image stacks
in random order scored according to predefined VGA image criteria,
i.e. visually sharp reproduction of the trachea, main bronchi and the
large and medium sized pulmonary vessels. Furthermore, the ob-
servers would assess the degree of detail of the pathology and
approve or disapprove each image for diagnostic use. The criteria
were validated by the radiologists prior to the VGA. The observers
individually viewed images using fixed lung and mediastinum
windows. Furthermore, they were blinded to exposure settings and
to other observers' assessments. When the observers identified a



Figure 2. Left: Inside view of the Lungman phantom with two 8 mm tumours attached to the thoracic wall. Lung tissue was inserted after positioning of the tumours. Right:
Corresponding 120 kVp 5 mm CT image (without OBTCM) with one of the subpleural tumours visible.

Table 2
Scan acquisition parameters for three scanners.

Scanner model Canon Aquilion Prime GE revolution Siemens Somatom Flash

Tube voltage (kVp) 80, 100, 120, 135 80, 100, 120, 140 80, 100, 120, 140
Image quality metric SD 10 Noise Index 27 Reference mAs 130
Reconstruction AIDR 3Da ASiR Vb SAFIRE 2c

Scan range 315 mm 315 mm 315 mm
Pitch 0.813 0.992 1.2 (without OBTCM)

0.6 (with OBTCM)
Rotation time 0.35 0.5 0.5
Bowtie filter Body Body Body
Detector configuration 80 � 0.5 mm 128 � 0.625 128 � 0.6
Modulation range 120� 180� 120�

a Adaptive iterative dose reduction.
b Adaptive statistical iterative reconstruction.
c Sinogram affirmed iterative reconstruction.

Table 3
Visual grading analysis rating scale used by the observers.

Image score Description

1 Poor image quality
- image not useable, loss of information

2 Restricted image quality
- Limited clinical value, clear loss of information

3 Sufficient image quality
- Moderate limitations for clinical use, no substantial loss of information

4 Good image quality
- Minimal limitations for clinical use,

5 Excellent image quality
- No limitations for clinical use
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tumour it was marked in a sketch imagewith an axial and a coronal
drawing of the lungs. Furthermore, to test for intra-reader consis-
tency, two duplicate images for each vendor were shown to
observers.

Noise was measured by a single observer using standard devi-
ation (SD) of Hounsfield values in three circular ROIs 12.5 mm in
diameter positioned in the right pulmonary artery, vertebral body
and in free air anterior to the phantom, respectively in one 5 mm
slice at the level of the carina (Fig. 3).
Statistical analysis

Following normality testing using the ShapiroeWilks test,
continuous variables were summarized by descriptive statistics, i.e.
mean, standard deviation (SD) and number of observations or
median and interquartile range (IQR) depending on data distribu-
tion. Radiation dose differences between scanners and between
organ based modulation and no modulation were assessed using
Wilcoxon Signed Rank test and noise measurements were assessed
using the paired t-test. p-values�0.05 were considered statistically
significant.

Differences between the observers' mean image quality scores
(VGAS) were compared using Wilcoxon Signed Rank test. The de-
gree of inter-observer agreement was determined using the Fleiss
Kappa statistic, which is suitable when more than two observers
are compared.24

The detection of tumours between organ dose modulation
systemswere described as number of observations and proportions



Figure 3. Circular Ø12.5 mm ROIs (red) positioned in the right pulmonary artery,
vertebral body and in free air for noise measurements and TLDs (white boxes) posi-
tioned around the phantom. (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)
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and analysis of intra-rater agreement was performed using Cohen's
kappa.

All analyses were performed using STATA/IC 15.0 (StataCorp. LP,
College Station, TX 77845 USA).

Results

A total of 120 scans were performed using the three different
scanners at varying kVp levels, resulting in 480 TLDmeasurements.

Radiation dose

For the GE scanner, the mean absorbed doses, with and without
OBTCM, at all kVp-levels are listed in Table 4a. There were no dif-
ferences posteriorly and laterally while a statistically significant
dose reduction between 12% at 140 kVp and 24% at 80 kVp was
found in the anterior segment. In addition, a statistically significant
total dose reduction was found at all kVp levels. The total dose
reduction using OBTCM was 11, 13, 8 and 13% for 80 to 140 kVp,
respectively, i.e. no obvious relationship between kVp-level and
dose reduction was seen. A similar pattern was seen in the Canon
Table 4a
Mean DLP, absorbed equivalent dose and standard deviation (SD) in mSv in different an

Protocol Mean DLP Anterior n ¼ 15 Posterior n ¼ 1

80 kVp 90.94 6.51 (0.62) 6.20 (0.90)
80 kVp, OBTCM 79.04 4.95 (0.31) 6.14 (0.81)
D Dose, % e �24.0 �1.0
p-value e <0.001 1.0000
100 kVp 110.37 6.85 (0.62) 7.07 (0.59)
100 kVp, OBTCM 97.17 5.72 (0.40) 6.42 (0.76)
D Dose, % e �16.5 �9.2
p-value e 0.0008 0.01
120 kVp 139.56 8.44 (0.54) 7.70 (0.82)
120 kVp, OBTCM 124.90 7.00 (0.48) 7.57 (0.99)
D Dose, % e �17.1 �1.7
p-value e 0.0008 0.82
140 kVp 169.36 9.44 (0.51) 9.45 (1.01)
140 kVp, OBTCM 156.50 8.34 (0.56) 8.92 (0.87)
D Dose, % e �11.7 �5.6
p-value e 0.0007 0.06

Statistically significant (p < 0.05) results are marked in bold.
scanner with anterior dose reductions of 6e10% (Table 4b) and
statistically significant total dose reduction at all kVp levels. In the
Siemens scanner the anterior radiation dose increased up to 51%
with OBTCM engaged and a total dose increase between 11% at
80 kVp and 32% at 120 kVp. The anterior and total dose increase
was statistically significant at 80, 120 and 140 kVp (Table 4c).
Image quality

Noise measurements from all vendors are listed in Table 5. The
maximum noise increase between OBTCM and non-OBTCM was
foundwith the Canon CT scanner at 80 kVpwhere the average noise
increased from 9.0 to 10.1 HU (p ¼ 0.003).

The image quality was assessed by three observers in 12 scans
per scanner (n¼ 108; no. of observations¼ 324). For the GE system,
the VGAS across all kVp levels was 3.6 and 3.4 with and without
OBTCM, respectively (p ¼ 0.27), while for Canon we found equal
VGAS of 3.6 (p ¼ 0.26), while with Siemens the VGAS with and
without OBTCM was 4.0 and 3.6, respectively (p ¼ 0.052). The
overall kappa value was 0.03 reflecting poor inter-observer agree-
ment of the image quality scores between the three observers. The
most experienced observer had 67% absolute agreement between
first and second reading, kappa ¼ 0.45 (i.e. weak agreement 25),
while the two other radiologists had 33% and 42% agreement and
kappa values of �0.3 and �0.1 (i.e. no agreement), respectively.
However, in 81 of 108 images there were either complete agree-
ment (n¼ 17) or the disagreement was 1 step on the scale (n¼ 65).
In all cases across scanners and parameter settings the observers
agreed that the images were suitable for diagnostic use.
Tumour visibility

All six images without tumours were correctly identified by all
radiologists regardless of vendor, kVp and OBTCM settings.Without
OBTCM the radiologists correctly identified 82, 86 and 92% of tu-
mours, respectively and 85, 86 and 96% with OBTCM (n ¼ 72). One
false positive tumour was found in the right middle lobe by the
radiologist with least experience. The rate of missed tumours with
OBTCM versus non-OBTCM was: GE 6/10; Canon 8/4 and Siemens
10/15.

The total number of missed tumours was 24 with and 29
without OBTCM. The distribution of tumour size and attenuation is
listed in Table 6.
atomical sites and various kVp levels. Vendor: GE.

5 Lateral, sin. n ¼ 5 Lateral, dxt. n ¼ 5 Average n ¼ 40

5.64 (1.15) 6.20 (1.20) 6.25 (0.89)
5.03 (1.16) 6.08 (1.00) 5.55 (0.92)
�10.8 �1.9 �11.2
0.89 0.89 0.004
6.96 (0.57) 6.77 (1.48) 6.94 (0.73)
5.96 (0.84) 5.85 (1.08) 6.03 (0.74)
�14.4 �13.6 �13.1
0.14 0.50 <0.00001
7.43 (1.77) 7.84 (1.09) 7.96 (0.97)
6.97 (1.25) 7.90 (0.76) 7.32 (0.88)
�6.2 þ0.7 �8.0
0.50 0.89 0.009
8.14 (1.66) 9.27 (0.61) 9.26 (0.99)
6.79 (1.47) 7.64 (1.82) 8.28 (1.20)
�16.6 �17.6 �10.6
0.35 0.22 0.0001



Table 4b
Mean absorbed equivalent dose and standard deviation (SD) in mSv in different anatomical sites and various kVp levels. Vendor: Canon.

Protocol Mean DLP Anterior n ¼ 15 Posterior n ¼ 15 Lateral, sin. n ¼ 5 Lateral, dxt. n ¼ 5 Average, n ¼ 40

80 kVp 141.28 12.00 (1.86) 10.47 (1.21) 16.39 (1.28) 10.19 (1.15) 11.75 (2.41)
80 kVp, OBTCM 136.82 11.17 (1.64) 9.91 (1.04) 14.94 (1.37) 9.79 (1.01) 10.99 (2.07)
D Dose, % e �6.9 �0.05 �8.8 �3.9 �6.5
p-value e 0.01 0.008 0.08 0.69 0.0002
100 kVp 124.62 11.26 (1.81) 9.81 (1.48) 15.63 (1.54) 8.07 (0.92) 10.86 (2.59)
100 kVp, OBTCM 126.30 10.56 (1.66) 9.84 (1.38) 14.27 (0.61) 7.29 (0.42) 10.34 (2.24)
D Dose, % e �6.2 þ0.3 �8.7 �9.7 �4.8
p-value e 0.009 0.73 0.14 0.22 0.009
120 kVp 148.08 12.38 (1.98) 11.75 (1.30) 14.49 (0.21) 9.68 (1.03) 12.07 (1.92)
120 kVp, OBTCM 141.32 11.58 (1.44) 11.16 (1.30 14.68 (1.39) 9.00 (0.87) 11.49 (1.94)
D Dose, % e �6.5 �5.0 �1.3 �7.0 �4.8
p-value e 0.01 0.21 0.89 0.22 0.006
135 kVp 181.20 16.13 (2.75) 15.16 (2.08) 18.97 (0.56) 12.09 (1.00) 15.61 (1.92)
135 kVp, OBTCM 172.72 14.49 (2.26) 15.14 (1.90) 17.65 (0.55) 12.43 (1.80) 14.87 (2.31)
D Dose, % e �10.2 �0.1 �7.0 �2.8 �4.7
p-value e 0.004 0.95 0.04 0.89 0.006

Statistically significant (p < 0.05) results are marked in bold.

Table 4c
Mean absorbed equivalent dose and standard deviation (SD) in mSv in different anatomical sites and various kVp levels. Vendor: Siemens.

Protocol Mean DLP Anterior n ¼ 15 Posterior n ¼ 15 Lateral, sin. n ¼ 5 Lateral, dxt. n ¼ 5 Average n ¼ 40

80 kVp 231.50 10.68 (0.98) 10.88 (1.22) 9.67 (1.54) 10.62 (1.61) 10.62 (1.24)
80 kVp, OBTCM 239.50 16.13 (3.90) 18.26 (4.36) 17.90 (2.88) 15.92 (1.68) 17.12 (3.83)
D Dose, % e þ51.0 þ67.8 þ85.1 þ49.9 þ61.2
p-value e 0.0007 0.0007 0.04 0.04 <0.00001
100 kVp 238.28 12.48 (1.11) 13.62 (1.95) 14.31 (3.03) 12.92 (3.21) 13.19 (2.06)
100 kVp, OBTCM 220.86 13.41 (3.45) 14.27 (3.51) 14.58 (1.74) 13.03 (1.30) 13.83 (3.08)
D Dose, % e þ7.5 þ4.8 þ1.9 þ0.1 þ0.6
p-value e 0.39 0.61 0.89 0.89 0.41
120 kVp 261.7 13.65 (2.05) 13.16 (1.43) 12.93 (4.31) 13.66 (4.01) 13.38 (2.42)
120 kVp, OBTCM 258.72 17.46 (4.41) 17.78 (3.79) 17.95 (3.14) 17.35 (1.89) 17.63 (3.68)
D Dose, % e þ27.9 þ35.1 þ38.8 þ27.0 þ31.8
p-value e 0.009 0.002 0.04 0.14 <0.0001
140 kVp 300.56 15.83 (1.85) 15.86 (1.63) 16.98 (3.99) 15.49 (4.31) 15.94 (2.43)
140 kVp, OBTCM 306.68 19.36 (4.46) 20.67 (5.00) 19.64 (1.59) 17.65 (1.78) 19.67 (4.61)
D Dose, % e þ22.3 þ30.3 þ15.7 þ13.9 þ23.4
p-value e 0.004 0.005 0.22 0.50 0.0001

Statistically significant (p < 0.05) results are marked in bold.

Table 5
Mean noise, SD and range in Hounsfield Units between kVp levels and scanners. Number of observations pr. scanner ¼ 120 (i.e. three ROI measures pr. slice).

GE CANON Siemens

Protocol Noise Range Noise Range Noise Range

80 kVp 9.5 (2.1) 6.9e12.8 9.0 (1.7) 5.8e11.4 7.7 (1.5) 5.0e9.9
OBTCM 10.3 (2.1) 7.6e13.8 10.1 (1.7) 7.7e12.6 6.2 (1.0) 4.3e7.8
Difference 0.8 e 1.1 e �1.5 e

p-value 0.005 e 0.0007 e >0.0001 e

100 kVp 9.5 (2.7) 6.1e13.5 8.9 (1.4) 6.6e11.8 7.11 (1.2) 3.8e8.6
OBTCM 9.8 (2.5) 6.4e13.6 9.1 (1.6) 6.9e11.4 6.13 (1.1) 4.3e7.9
Difference 0.3 e 0.2 e �1.0 e

p-value 0.25 e 0.73 e 0.01 e

120 kVp 9.1 (2.1) 5.9e12.6) 8.1 (1.5) 5.1e9.7 7.15 (1.5) 4.8e9.2
OBTCM 9.5 (2.2) 6.5e12.8) 8.6 (1.2) 6.8e10.8 5.54 (1.0) 4.0e7.4)
Difference 0.4 e 0.5 e �1.6 e

p-value 0.10 e 0.18 e 0.0001 e

140 kVpa 8.8 (2.3) 5.6e12.5 7.7 (1.3) 5.6e9.7 6.3 (1.4) 4.3e8.8
OBTCM 9.6 (2.0) 6.1e12.2) 7.5 (1.5) 5.2e9.9 4.8 (0.9) 3.3e6.7
Difference 0.8 e �0.2 e �1.5 e

p-value 0.01 e 0.41 e 0.0001 e

Statistically significant (p < 0.05) results are marked in bold.
a 135 kVp in Canon.
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Discussion

In this experimental phantom study we assessed radiation dose
and image quality with and without OBTCM in scanners from three
major vendors.
Radiation dose reduction

The GE Revolution CT had the lowest overall radiation dose and
the highest dose reduction with OBTCM engaged. The dose
reduction across kVps was comparable to those of a previous



Table 6
Size, attenuation and frequency of missed tumours with and without OBTCM across
vendors. Three observers; n ¼ 72, no. of observations ¼ 216.

Tumour size Attenuation (HU) OBTCM (n) Non-OBTCM (n)

5 mm þ100 3 9
�630 11 11

8 mm þ100 1 3
�630 5 1

12 mm þ100 1 2
�630 3 3

Total 24 29
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study.8 Even though the Canon Aquillion Prime is a mid-range
scanner, radiation doses were quite low, but the dose reduction
with OBTCM was moderate compared to the high-end GE scanner.
With the Siemens Somatom Flash scanner, we found that at 80, 120
and 140 kVp both the total dose and the anterior dose were
significantly higher with OBTCM engaged compared with non-
OBTCM. This finding was surprising and not in line with previous
studies.1,4,16,26,27 With OBTCM the pitch cannot be altered5 and
thus, the result may be caused by pitch difference between the
standard protocol (pitch 1.2) and the OBTCM protocol (pitch 0.6) as
the before mentioned studies used lower pitch settings (between
0.5 and 0.9) for the standard CT protocol. The results suggest that
Siemens' OBTCM system may not automatically be advantageous
for the patient and the person responsible for CT protocol devel-
opment should ensure that the total dose is similar to that of non-
OBTCM before incorporating it into the CT protocols. Further clin-
ical studies comparing OBTCM and non-OBTCM in different
anatomical positions using different pitch settings are needed.
Image quality

GE and Canon CT scanners lower the radiation dose in the
anterior segment and noise should increase resultantly. However,
we found very little noise differences between OBTCM and non-
OBTCM. Siemens has chosen a different strategy with increased
tube current in the posterior tube angles to maintain image noise at
the same level.28 The images acquired with this scanner were
slightly less noisy compared with the other vendors, but none of
the vendors had clinically relevant noise differences between scans
performed with and without OBTCM, respectively.

All images were acceptable for diagnostic use and we found no
statistically significant difference in subjective image quality in any
of the scanners; neither with respect to overall image quality nor
within individual VGA criteria (data not shown). Furthermore, the
radiologists correctly identified most tumours both with and
without OBTCM. Small tumours with low attenuation had the
highest rate of missed tumours. However, the rate of missed tu-
mours may be explained by the use of 5 mm slices and because the
radiologists viewed a large bulk of almost identical images in one or
two sessions fatigue was not unlikely to occur and might also
explain the results. We found no obvious pattern in missed lesions
with regard to OBTCM versus non-OBTCM and thus, the detection
rates might differ for the above mentioned reasons.

The poor inter-observer reliability found in this study may
partly be explained by differences in experience. The more expe-
rienced observer had better intra-observer agreement compared
with the other observers even though the kappa value reflected
weak agreement. Thus, the poor inter-observer agreement cannot
solely be explained by seniority, but also lack of consensus must be
considered as an explanation, despite the fact that the three ob-
servers work closely together in the same imaging section and
solve similar tasks. As the VGA results were in line with the noise
measurements we find that the image quality assessment reflects
reality despite poor inter- and intra-observer reliability.

The study has some limitations. The breast phantom was
designed to mimic the density and size of female breasts, but they
were less flexible and they would fall off if positioned more later-
ally. In a patient, breast tissue may be outside the OBTCM-range,1,29

but the percentage of breast tissue within the range can be
increased by wearing a bra.30 Thus, the experimental setup mimics
an ideal situationwhere all of the breast tissue is located within the
modulation range. Furthermore, we used a single phantom with
average breast size, but a retrospective study found that OBTCM
tended to be more effective in high-BMI patients.3 The TLDs were
positioned under the breasts, as this was an easily reproducible
method. Other positions such as inside the phantom might have
affected the measurements, but we do not think it would affect the
overall results of the study. Finally, TLDs could have been calibrated
instead using an X-ray source such as the CT scanner to replicate the
rotational influence of CT as well as matching the energy of the X-
ray beam,31 however radioactive sources are more stable in output
and the national standard.

In conclusion, organ based tube currentmodulation is capable of
anterior and total dose reduction with minimal loss of image
quality and tumour visibility in vendors that do not increase pos-
terior dose. However, OBTCM did not function as expected across all
vendors and further investigations are required to ensure such
software delivers dose reductions to the intended radiosensitive
organs.
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