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ABSTRACT 

Purpose: In radiation therapy, x-ray imaging procedures in both computed tomography (CT) simulation and image-guided 
radiation therapy (IGRT) add radiation dose to patients, which may pose an increased risk to patients. In our institution and 
affiliated local VA hospital, the Varian Trilogy cone beam CT (CBCT) and Elekta Synergy X-ray volumetric imaging system 
(XVI), along with GE light-speed and Philips Brilliance CT simulators are applied in the radiation treatment. This study 
evaluated the imaging doses from different imaging modalities and devices.  
Methods: The imaging dose was measured using a CT dose index (CTDI) phantom and Unfors Xi pencil ionization chamber 
for both peripheral and central locations. The measurements were performed and compared between Varian Trilogy kV 3D 
CBCT and Elekta Synergy 3D kV XVI based on our clinical protocols for pelvis with a comparable image quality. Additionally, 
the 4D and 3D XVI imaging doses were measured and compared on an Elekta Synergy XVI system. The CT imaging doses 
were measured and compared between GE light-speed RT16 and Philips Brilliance 16-slice CT simulators. 
Results and Conclusions: Imaging dose differences were determined between different imaging modalities by using the CTDI 
method in this study. The results show that the kV CBCT imaging dose is lower for Elekta Synergy XVI compared to Varian 
Trilogy. The 4D XVI imaging dose is higher at the top peripheral location of the CTDI phantom compared to 3D XVI for 
Elekta Synergy. Furthermore, GE light-speed CT adds higher imaging doses for both 3D and 4D image modalities compared 
to Philips Brilliance counterparts. Although the imaging dose difference exists among the different imaging modalities, it is 
worth noting that the imaging dose was in the range nationally reported.
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INTRODUCTION 
Image-guided radiation therapy (IGRT) is the use of imaging during radiation therapy to improve the precision and accuracy 
of treatment delivery.[1] Radiographic image guidance is the current standard of care for patient positioning, target localization, 
and external beam alignment in radiation therapy,[2] which however can give a significant radiation dose to the patient in 
addition to the prescribed dose and should be carefully managed and monitored as low as reasonably achievable, rather than 
considered as negligible or quantified in a fairly loose manner.[3] Currently, the commonly used x-ray image devices in 
radiation therapy include CT simulators such as the Philips Brilliance Big Bore and the GE Light-speed RT 16; two dimensional 
(2D) MV electronic portal imaging device (EPID) and three dimensional (3D) kV-cone beam computed tomography (CBCT) 
integrated to treatment unit. Recently, four dimensional (4D) CBCT has become clinically available. This study compared the 
imaging doses from different imaging procedures in our institute using CTDI method. In concept, the CTDI is to measure the 
integral dose along an infinite length of a static scan. However, in practical, the CTDI100, which integrates a length of 10 cm is 
accepted as a standard for CT dose measurement by many national and international organizations. [4] The CTDI100 is measured 
in a phantom that is 15 cm in length and either 32 cm in diameter for body or 16 cm in diameter for head (see Figure 1) with 
100 mm long pencil ionization chamber. [5] 

Biomed Sci Instrum. Vol 55(1) January, 2019 ©2019 IAE All rights reserved

ISSN:0067-8856 01 55 1 26 978-1-775245-6-8



METHODS 
Figure 1 demonstrates the imaging dose measurement set up using Unfors Xi system with 100 mm ionization chamber and 
CTDI phantom. CTDI phantom were placed on the couch of a Varian linac as an example. The image dose (CTDI100) were 
measured using Unfors Xi and at five different locations. CTDI chamber locations 1, 2, 3, 4, and 5 represent the locations of 
Center, Top, Bottom, Right and Left inserts of the CTDI phantom. The center was aligned with the linac iso center. Our routine
clinical image protocols listed in Table 1 were used for the image dose measurement on the CTDI phantom. Then with the 
same set up, the image doses (CTDI100) were measured on different linacs (Varian and Elekta) and different CTs (Philips 
Brilliance Big Bore CT with 16 multi-slice capabilities and GE light speed) with both three-dimensional (3D) and four-
dimensional (4D) protocol when available, as it was not with the Varian CBCT system. Only two imaging doses at CTDI 
chamber locations 1 and 2, which represent center and top inserts of the CTDI phantom were measured for the two CT 
simulators due to the cylindrical and symmetric gantry of CT. 

Figure 1: Imaging dose measurement set up using Unfors Xi and CTDI phantom 

Table 1: Imaging dose measurement protocols used in routine clinical procedure

Trilogy Synergy

3D CBCT/XVI 125 kVp, 80 mAs 120 kVp, 40 mAs

4D XVI Not included in this study 120 kVp, 300 mAs

GE Lightspeed Philips Brilliance

3D CT 140 kVp, 50 mAs 120 kVp, 30 mAs

4D CT 140 kVp, 400 mAs 120 kVp, 400 mAs
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RESULTS 

Figure 2 shows the imaging dose (CTDI100) comparisons between Varian Trilogy CBCT and Elekta Synergy XVI. It can be 
seen that the XVI imaging dose is lower for Elekta Synergy. Figure 3 compares the image doses between different image 
modalities of 3D and 4D XVI on Elekta Synergy. It illustrates the 4D XVI image dose is higher at the peripheral location of 
the CTDI phantom compared to 3D XVI. Figure 4 and 5 compares the CT imaging doses between GE Light-speed RT 16 CT 
and Philips Brilliance Big Bore for both 3D and 4D modalities respectively. It shows GE Light-speed CT adds higher imaging 
doses for both 3D and 4D image modalities. 

Figure 2: Imaging dose 
comparisons between Varian 
Trilogy CBCT and Elekta 
Synergy XVI 
CTDI chamber locations 1, 2, 3, 
4, and 5 represent the locations 
of Center, Top, Bottom, Right 
and Left 

Figure 3: Image doses between 
different image modalities of 3D 
and 4D XVI on Elekta Synergy 
CTDI chamber locations 1, 2, 3, 
4, and 5 represent the locations 
of Center, Top, Bottom, Right 
and Left

0
10
20
30
40
50
60

1 2 3 4 5

Do
se

 (m
Gy

)

CTDI Chamber Location

CBCT Dose Comparison Elekta 
Synergy  vs. Varian Trilogy

Synergy

Trilogy

0

10

20

30

40

50

1 2 3 4 5

Do
se

 (m
Gy

)

CTDI Chamber Location

Image Dose Comparison Elekta 
Synergy 3D XVI vs. 4D XVI

3D

4D

Biomed Sci Instrum. Vol 55(1) January, 2019 ©2019 IAE All rights reserved

ISSN:0067-8856 01 55 1 28 978-1-775245-6-8



Figure 4: 3D CT 
imaging doses between 
GE Light-speed RT 16 
CT and Philips 
Brilliance Big Bore 
CTDI chamber locations 
1, and 2 represent the 
locations of Center and 
Top.

Figure 5: 4D CT 
imaging doses between 
GE Light-speed RT 16 
CT and Philips 
Brilliance Big Bore 
CTDI chamber locations 
1 and 2 represent the 
locations of Center and 
Top.
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DISCUSSIONS 
Imaging dose in radiation therapy, both for treatment planning and patient treatment position verification, was insignificant and 
ignored traditionally since the imaging dose was much smaller compared to therapeutic dose delivered to the patients.[6]
However, with the implementation of volumetric imaging modalities and their increased use, imaging dose in radiation therapy 
has become more of an issue recently.[6] The imaging dose may exceed the linac leakage several times higher in magnitude 
and it is also throughout over the entire scanning volume, not only targeted on the tumor volume. Additionally, the dose to 
bone may be up to three times higher than the dose to the soft tissue, etc.[7] Therefore, the increased attention of imaging dose 
is brought up to many clinicians, medical physicists and investigators. Two American Association of Physicists in Medicine 
(AAPM) Task Group reports, TG-180 [8] and TG-75[2], were developed and discussed regarding to the concerns and 
management associated with additional imaging dose to the cancer patients. In June 2018, AAPM organized a summer school 
with the focus on “Image Guidance in Radiation Therapy: Techniques, Accuracy, and Limitations” [9]. Guidance and overview 
of imaging dose management, measurements and calculations can be found in this meeting proceeding.[9] This study reported 
the imaging doses from different imaging modalities in our institute using CTDI method. The imaging doses were measured 
and significant differences were determined among different imaging modalities in our institute. The dose in our institute 
delivered by planning 3D CT ranges from 15 to 40 mGy; 4D CT ranges from 30 to 250 mGy and kV CBCT/XVI ranges from 
10 to 50 mGy were determined, which are in the range nationally reported. [7]
The CTDI method is generally and traditionally accepted as a standard for CT dose measurement, [9] however, it is not a direct 
measurement of patient dose. [10] Patient imaging dose measurement is a complex procedure and involves many uncertainties, 
e.g. patient physical size, tumor location, CBCT/XVI protocol used, measurement technique and tools, etc. The International 
Atomic Energy Agency (IAEA) has published an update on the status of imaging dose for CT and cone-beam CT scanners 
[11]. The AAPM task group III report [12] presents their recommendations and practicalities of measuring imaging dose in 
radiation therapy. However, neither are ideal solutions, and it is not clear which should be used by the practicing medical 
physicists. [5]

CONCLUSIONS 
Imaging dose were measured and significant differences were determined between different imaging modalities by using the 
CTDI method in this study. Although the significant differences of the imaging dose among different imaging modalities exists,
the imaging doses for different modalities in our institute were determined to be in the range nationally reported. It is very 
difficult to evaluate the radiation risk from imaging dose to patients clinically, however, it is worthwhile to monitor imaging
dose in radiation therapy, which should be optimized, monitored and minimized as low as reasonably achievable.  IGRT is a 
powerful radiation therapy method that incorporates imaging techniques during each treatment session.  It uses high-energy 
beams of radiation to control cancer or noncancerous tumors.  By adding detailed images, IGRT ensures the powerful radiation 
is narrowly focused at the treatment area; therefore, IGRT may make it possible to use higher doses of radiation. This may 
increase the chance of tumor control, which most likely to result in shorter treatment schedule. Ultimately, the results suggest 
that these observations may reduce the risk of side effects and become convenient treatment technique for cancer patients. 
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