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Introduction

Stereotactic Body Radiation Therapy (SBRT) of lung cancer uses 
high doses delivered into a tumor in few fractions [1]. Since SBRT 
uses high doses, it is necessary to minimize treatment uncertain-

ties performing conformal targeting, precise tumor and organ delinea-
tion, and patient positioning to ensure tumor local control and to limit 
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ABSTRACT
Background: The use of imaging is indispensable in modern radiation therapy, 
both for simulation and treatment delivery. For safe and sure utilization, dose deliv-
ery from imaging must be evaluated. 
Objective: This study aims to investigate the dose to organ at risk (OAR) 
delivered by imaging during lung stereotactic body radiation therapy (SBRT) and to 
evaluate its contribution to the treatment total dose.
Material and Methods: In this retrospectively study, imaging total dose to 
organs at risk (OARs) (spinal cord, esophagus, lungs, and heart) and effective dose 
were retrospectively evaluated from 100 consecutive patients of a single institution 
who had lung SBRT. For each patient, dose was estimated using Monte-Carlo convo-
lution for helical computed tomography (helical CT), Four-Dimensional CT (4D-
CT), and kilovoltage Cone-Beam CT (kV-CBCT). Helical CT and kV-CBCT dose 
were evaluated for the entire thorax acquisition, while 4D-CT dose was analyzed on 
upper lobe (UL) or lower lobe (LL) acquisition. Treatment dose was extracted from 
treatment planning system and compared to imaging total dose. 
Results: Imaging total dose maximum values were 117 mGy to the spinal cord, 
127 mGy to the esophagus, 176 mGy to the lungs and 193 mGy to the heart. The 
maximum effective dose was 19.65 mSv for helical CT, 10.62 mSv for kV-CBCT, 
25.95 mSv and 38.45 mSv for 4D-CT in UL and LL regions, respectively. Depend-
ing on OAR, treatment total dose was higher from 1.7 to 8.2 times than imaging total 
dose. Imaging total dose contributed only to 0.3% of treatment total dose.  
Conclusion: Imaging dose delivered with 4D-CT to the OARs is higher than 
those of others modalities. The heart received the highest imaging dose for both UL 
and LL. Total imaging dose is negligible since it contributed only to 0.3% of treat-
ment total dose. 
Citation: Savanović M, Gardavaud F, Jaroš D, Lonkuta B, Barral M, Cornelis FH, Foulquier JN. Contribution of Imaging to Organs at Risk Dose 
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organs at risk (OAR) radiation exposure. In 
lung SBRT, the computed tomography (CT) 
in helical mode (helical CT) and Four-Dimen-
sional CT (4D-CT) are used during simulation 
[2]. To ensure patient positioning during treat-
ment delivery, kilovoltage Cone-Beam CT 
(kV-CBCT) is recommended to reduce uncer-
tainties due to patient positioning, inter- and 
intra-fraction motion [3-5]. 

However, image guidance has an important 
role in improving SBRT safety and efficacy, 
it could yield to expose OARs outside the 
therapeutic beams [6, 7]. If significant image 
guidance dose (generally using MV imaging) 
can theoretically have an impact on tumor and 
OARs biological effects such as local control, 
necrosis or tissue damage [8-11]. kV imaging 
may increase the secondary cancer risk, par-
ticularly for organs outside the treatment field 
[12-14]. According to the American Associa-
tion of Physics in Medicine (AAPM), imaging 
dose should be included in the treatment plan-
ning when superior to 5 % of planned dose [6]. 
It requires to consider dose calculation and 
delivery accuracy, tumor-to-organ proximity, 
dose tolerances for critical organs, treatment 
technique and feasibility in clinical practice to 
ensure tumor local control and better sparing 
of OARs [6]. 

Only three studies, two with kV-CBCT and 
one with 4D-CT, have evaluated imaging dose 
with adult patients with lung cancer [15-17]. 
In the present study, patient-specific imaging 
dose was evaluated for lung SBRT, including 
dose delivered during simulation using heli-
cal CT and 4D-CT, and before each fraction 
of treatment delivery using kV-CBCT [18]. 
The purpose of this study was to investigate 
the dose to OAR delivered by imaging during 
lung SBRT and to evaluate its contribution to 
the treatment total dose.

Material and Methods

Patient selection
In this retrospectively study, a total of 100 

patients, with small tumor size (≤ 5 cm) who 
had lung SBRT, were included. The patients’ 
characteristics are presented in Table 1.

All patients were enrolled in an Institutional 
Review Board approved protocol. This proto-
col was Health Insurance Portability and Ac-
countability Act compliant.
CT acquisitions and dose calcula-

tion
During simulation for lung SBRT, patients 

were positioned in the supine position with 
arms above the head using the BlueBAG 
BodyFIX system immobilization (Medical 
Intelligence, Schwabmünchen, Germany). 
All patients were scanned on 16 slices CT 
scan (GE Lightspeed, General Electric Medi-
cal Systems, Waukesha, WI, USA), equipped 
with the Real-time Positioning Management 
system (RPM, Varian Medical Systems, Palo 
Alto, CA, USA). From Institutional protocol, 

Characteristics Raw data
Number of patients 100

Age 70 (38 – 90)
Gender

Male 58
Female 42

Tumor location
Upper lobe 68
Lower lobe 32
Tumor size

Upper lobe (mm) 32 (17 – 50)
Lower lobe (mm) 37 (21 – 49)

Weight (kg) 63.5 (39.0 – 106.0)
Height (m) 1.68 (1.48 – 1.86)
BMI (kg/m2) 23.0 (15.2 – 35.9)

Breathing cycle (s) 4.3 (1.7 – 9.6)
4D-CT scan time (s) 54 (29 – 94)
Number of fractions 5 (4 – 8)

BMI: Body mass index, 4D-CT: Four-Dimensional Com-
puted Tomography

Table 1: Patient characteristics 
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two helical scans were performed, followed 
by one 4D-CT scan. The CT parameters used 
during clinical acquisitions are presented in 
(Table 2).

For the helical scans, acquisition was per-
formed from the cricoid cartilage to the sec-
ond lumbar vertebra (Figure 1(a)), while 4D-
CT acquisition was performed with fifteen 
slices below and above tumor localization (in 
the upper lobe (UL) Figure 1 (b) and the lower 
lobe (LL) region Figure 1 (c)).

For all CT acquisitions, volume computed 
tomography dose index (CTDIvol) has been ex-
tracted automatically from DICOM images us-
ing dedicated home-made scripts in MATLAB 
R2020a (MathWorks, Natick, Massachusetts).

Dose to OARs (spinal cord, esophagus, 
lungs, heart) was calculated for each patient 
(see patient anatomical attributes in Table 1) 
with CT scans parameters (Table 2), in the UL 
and LL (Figure 2) using the National Cancer 
Institute dosimetry system for CT (NCICT 

Parameters Helical CT 4D-CT
Rotation time (s) 0.7 0.7

Pitch 0.938 /
Images per rotation / 16

Collimation (mm) 20 20
Slice thickness (mm) 1.25 1.25

SFOV Large Body Large Body
kV 120 120

mA min 10 10
mA max 440 440

Noise index 9.83 9.83
AutomA/smartmA Yes / Yes Yes / Yes

CT: Computed tomography, 4D-CT: Four-Dimensional Computed Tomogra-
phy, SFOV: Scan field of view, kV: kilo voltage, min mA: minimum value of 
milliampere modulation, max mA: maximum value of milliampere modulation

Table 2: Parameters of helical computed tomography (CT) and Four-Dimensional Computed 
Tomography (4D-CT) acquisitions

Figure 1: Scan area (in blue box) for helical computed tomography (CT) (a), Four-Dimensional 
Computed Tomography (4D-CT) acquisition for tumor located in the upper lobe (UL) (b), and 
4D-CT acquisition for tumor located in the lower lobe (LL) (c)
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v2.1, NIH, Bethesda, Maryland, USA) based 
on Monte-Carlo convolution [19]. Helical 
CT dose simulated in NCICT included the 
complete thorax (Figure 1 (a)), whereas 4D-
CT examination scan area depends on tumor 
location: UL or LL (Figure 2). The scanned 
region size was different for each patient (in 
regard of the tumor size) and the patient body 
habitus was tailored for each patient in NCICT 
thanks to the International Commission on 
Radiological Protection (ICRP) reference 
adult phantoms [20, 21]. All the scan param-
eters displayed in Table 1 were implemented 
in NCICT software to determine organ dose 
exposure, except for tube current modulation 
(TCM) where the miliAmpere mean value, 
specific for each exam. This was retained 
since NCICT v2.1 does not offer an accessible 

option in the Graphical User Interface (GUI) 
to take into account TCM mode.
kV-CBCT acquisitions and dose cal-

culation
During treatment delivery with a Novalis 

TrueBeam STx (Varian Medical System, Palo 
Alto, CA, USA), the patient positioning was 
verified using kV-CBCT scan. The kV-CBCT 
images were acquired with half-fan full scan 
mode (360°), 125 kV, 270 mAs, 14° anode 
angle, field size 20 cm × 26.5 cm, 900 pro-
jections and 60 s for the exposure time. For 
all kV-CBCT acquisitions, volume computed 
tomography dose index (CTDIvol) has been ex-
tracted automatically from DICOM images us-
ing dedicated home-made scripts in MATLAB 
R2020a (MathWorks, Natick, Massachusetts).

To measured air kerma, the half-value layer 

Figure 2: National Cancer Institute dosimetry system for CT (NCICT) software Graphical User 
Interface (GUI) calculating dose delivered by Four-Dimensional Computed Tomography (4D-CT) 
to organs at risk (OARs) in the scan area illustrated with the red rectangle for upper lobe (UL) (a) 
and lower lobe (LL) regions (b)
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(HVL) and the beam filtration, Black Piranha 
detector (RTI Electronics Inc, NJ, USA) was 
used. Then a Monte Carlo program for cal-
culating patient organ doses in medical x-ray 
examinations (PCXMC v2.0, Stuk, Helsinki, 
Finland) was used in batch mode to compute 
dose delivered to the OARs from kV-CBCT 
acquisitions [22]. Each patient body habitus 
has been tailored in PCXMC software.
Calculation of total exposure from 

imaging acquisitions
Imaging total dose delivered to the OARs 

is calculated as a total sum of doses delivered 
to the OARs from all modalities: helical CT 
scan, 4D-CT scan and kV-CBCT during lung 
SBRT treatment. For the helical CT and kV-
CBCT scans, imaging dose evaluation was 
performed for the entire thorax, while imaging 
dose from 4D-CT was evaluated for specific 
scanned regions such as UL or LL (red rect-
angles in Figure 2).

Imaging total dose was calculated based on 
institutional protocol, by summing doses from 
two helical CT scans, one cine 4D-CT and five 
kV-CBCT (five being the mean value of all 
fractions). 

Imaging total dose delivered to one organ 
was presented by equation (1):

( ) ( )( ) ( ) ( )4 (t i hCT i D CT i CBCT iD organ a D organ D organ b D organ−= × + + × (1)

Where Dt(organi) –imaging total dose de-
livered to the organ of interest, a – number 
of helical CT sequences, DhCT(organi) – dose 
delivered by helical CT to the organ of inter-
est, D4D-CT(organi) – dose delivered by 4D-CT 
to the organ of interest, b – number of CBCT 
sequences, DCBCT(organi) – dose delivered by 
CBCT to the organ of interest.

For each OAR, the maximum value of imag-
ing total dose has been computed.
Treatment planning and dose con-

straints
Lung SBRT plans were performed on the he-

lical CT scan without stereotactic body frame 
with two to four partial dynamic conformal 
arcs (DCAs) using 6 MV beams. The treat-

ment dose was 60 Gy in 4 to 8 fractions pre-
scribed to isodose line 80%. Treatment plan-
ning was performed with the Pinnacle Version 
9.10 (Koninklijke Philips N.V., Amsterdam, 
Netherlands) treatment planning system (TPS) 
and calculated using the Collapsed Cone Con-
volution (CCC) algorithm [23, 24]. The con-
straints for the planning target volume (PTV) 
coverage were D98%>95% and D95%≥100%. 
The OARs constraints were based on ICRU 91 
report recommendations using maximum dose 
(Dmax) which should be less than 15 Gy (0.1 cc) 
for the spinal cord, 30 Gy (0.5 cc) for the heart 
and 27 Gy (0.5 cc) for the esophagus [25]. For 
the lungs volume, where the PTV had been 
subtracted (Lungs-PTV), two constraints were 
established. The percentage volume receiving 
20 Gy or more (V20) and 16 Gy or more (V16) 
was restricted to 10 % and 20 % of the pre-
scribed dose respectively.

Dose-volume histograms (DVH) were gen-
erated for the PTV and all OARs. OARs doses 
were evaluated using mean dose (Dmean) and 
Dmax, respectively. Doses delivered to the 
OARs were manually extracted from DVHs 
for all 100 patients.

Data analysis
Statistical analysis and violin plots compu-

tation of doses delivered to the OARs (spinal 
cord, esophagus, lungs and heart) from im-
aging chain were evaluated using GraphPad 
Prism 8.1.2 version (SD, California, USA). 
To compare results between all modalities, 
Kruskal Wallis test was used. The imaging 
maximum total dose has been compared to the 
treatment total dose using paired t-test. Data 
was considered statistically significant at p < 
0.05.

Results
The mean values of the CTDIvol obtained 

were 23.1 ± 3.8 mGy and 55.6 ± 13.3 mGy 
(p<0.0001) during helical CT and cine 4D-CT 
scans, respectively, while CTDIvol from kV-
CBCT remained constant at 4 mGy. Air kerma 
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mean value was 13.8 ± 0.3 mGy. Mean half-
value layer was 4.88 ± 0.01 mmAl and mean 
beam filtration was 10.12 ± 0.01 mmAl. Imag-
ing mean dose delivered to the OARs and as-
sociated effective dose are presented in Table 
3. Results presented in Table 3 were all statis-
tically significant (p ˂ 0.01).

Imaging doses maximum values delivered to 
the OARs from helical CT, kV-CBCT and 4D-
CT in the UL and LL area were, respectively: 
19.52 mGy, 9.74 mGy, 37.76 mGy and 36.89 
mGy to the spinal cord; 29.74 mGy, 5.03 mGy, 
56.69 mGy and 36.95 mGy to the esophagus; 
40.01 mGy, 6.32 mGy, 83.48 mGy and 50.58 
mGy to the lung; 41.05 mGy, 9.13 mGy, 68.60 
mGy and 66.66 mGy to the heart.

Imaging total dose maximum values were 
117 mGy to the spinal cord, 127 mGy to the 
esophagus, 176 mGy to the lungs and 193 
mGy to the heart.

The maximum effective dose was 19.65 
mSv for helical CT, 10.62 mSv for kV-CBCT, 
25.95 mSv and 38.45 mSv for 4D-CT in UL 
and LL regions, respectively.

The highest imaging doses were deliv-
ered to the heart (41.05 mGy) for helical CT 
(p<0.0001), to the spinal cord (9.74 mGy) 
for kV-CBCT (p<0.0001), to the lung (83.48 
mGy) for 4D-CT in UL region (p<0.0001) and 
to the heart (68.60 mGy) for 4D-CT in LL re-

gion (p<0.0001).
Imaging doses delivered to the OARs (spinal 

cord, esophagus, lungs and heart) were pre-
sented in Figure 3.

The PTV coverage (D98%>95% was 
98.5±0.6 % and D95%≥100%100.06±1.1 %) 
yields to OARs doses. Mean doses (Dmean) and 
maximum doses (Dmax) in volume (0.1 cc for 
the spinal cord and 0.5 cc for the heart and 
esophagus) delivered to the OARs were pre-
sented depending on the lobe (UL and LL re-
gions) in Table 4.

Comparison of treatment beam mean doses 
with imaging total mean dose, depending on 
UL and LL regions, was presented in Table 5 
with associated relative gap rations (RGR) and 
p-values.

Discussion
Imaging total dose was evaluated as the sum 

of the doses delivered to the OARs from two 
helical CT scans, one 4D-CT scan and five kV-
CBCT acquisitions. Imaging maximum total 
dose was delivered to the heart (193 mGy), 
then to the lungs (176 mGy), the esophagus 
(127 mGy) and the spinal cord (117 mGy). 
These doses are negligible comparing to the 
total dose delivered during SBRT treatment for 
lung cancer. Indeed, imaging total dose con-
tributed up to only 0.3 % of 60 Gy of the treat-

Technique Zone
Spinal cord 

(mGy)
Esophagus 

(mGy)
Lungs (mGy) Heart (mGy) Deff (mSv)

Helical CT WT 11.54±3.05 21.08±4.30 29.02±5.40 29.40±5.76 14.29±2.43
kV-CBCT WT 7.14±1.46 3.52±1.66 4.50±2.11 6.86±2.41 1.33±0.63

4D-CT
UL 11.80±5.40 32.07±8.19 46.45±12.67 38.44±12.07 13.93±4.11
LL 17.77±6.64 21.67±6.77 30.20±9.42 39.69±12.46 22.43±6.04

Total
UL 74.40±15.72 94.47±13.87 130.14±19.19 135.97±20.89 50.28±6.62
LL 77.26±16.59 80.29±14.77 109.57±18.67 131.91±23.59 56.95±8.66

CT: Computed tomography, kV-CBCT: kilovoltage Cone-Beam computed tomography, 4D-CT: Four-Dimensional Computed 
Tomography, WT: Whole thorax, UL: Upper lobe, LL: Lower lobe, mGy: milli-gray, Deff: Effective dose

Table 3: Mean values and standard deviation of the dose delivered to the organs at risk (OARs), 
effective dose and imaging total dose were evaluated from different modalities depending on 
scanned regions
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ment total dose delivered. It is worth to con-
sider that imaging total dose delivered to the 
OARs is insufficient to impact on tumor local 
control (necrosis) and/or OARs damage, be-
cause it represents less than 5 % of prescribed 

treatment dose according to AAPM [6]. This 
result is comparable with data currently avail-
able in the literature which indicates that im-
aging dose during image guidance is generally 
less than 5% of the therapeutic target dose  

Figure 3: Violin plots of dose delivered to the organs at risk (OARs) evaluated from Helical com-
puted tomography (CT) from whole thorax (a); kilovoltage Cone-Beam CT (kV-CBCT) from whole 
thorax (b); cine Four-Dimensional Computed Tomography (4D-CT) in upper lobe (UL) region (c); 
and cine 4D-CT in lower lobe (LL) area (d). The dashed lines near the middle of the plots indicate 
the medians and the dot lines indicate the quartiles

Lobe Dose Spinal cord Esophagus
Lungs

Heart
V20<10 % V16<20 %

UL
Dmean (Gy) 1.24±0.93 2.84±2.42 3.49±1.84

6.05±3.96
0.93±1.86

Dmax (Gy) 10.19±6.31 14.93±11.97 4.62±3.13 8.74±16.18

LL
Dmean (Gy) 1.54±1.27 2.52±1.33 3.88±2.37

6.84±4.42
3.27±3.35

Dmax (Gy) 11.02±6.20 10.94±3.64 5.11±3.46 16.54±14.51
UL: Upper lobe, LL: Lower lobe, Dmean: mean dose, Dmax: maximum dose

Table 4: The results of mean doses and maximum doses in volume (0.1 cc for the spinal cord 
and 0.5 cc for the heart and esophagus) evaluated from treatment planning system (TPS) for 
the spinal cord, esophagus, lungs and heart, depending on the lobe (upper lobe (UL) and lower 
lobe (LL) regions)
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[26-28]. 
However, as demonstrated in this study, dose 

delivered to the OARs depends on imaging 
modality. Highest doses were delivered to the 
heart from the helical CT (p<0.0001), to the 
spinal cord from the kV-CBCT (p<0.0001), 
to the lungs in UL region from 4D-CT 
(p<0.0001), and to the heart in LL region from 
4D-CT (p<0.0001). As the heart is located in 
chest middle, it was the most exposed organ 
for helical CT, 4D-CT in LL area and for the 
imaging total dose. For the same reason, it was 
also the second most exposed for kV-CBCT 
(after spinal cord) and for 4D-CT in the UL 
(after lungs). The highest dose delivered to the 
spinal cord from kV-CBCT was due to sequen-
tial acquisition technique without cradle dis-
placement contrary to helical CT acquisition 
which involves cradle displacement. Lungs 
were the most exposed organ in the UL from 
4D-CT due to larger exposed volume than the 
heart (Figure 1). 

In the meantime, higher dose was delivered 
to the OARs with 4D-CT than helical CT. 
Comparing helical CT vs 4D-CT acquisitions, 
higher dose in UL region was delivered with 
4D-CT to the esophagus (32 %), to the lung 
(33 %) and to the heart (20 %), while helical 
CT was delivered higher dose to the spinal 
cord (9 %) than 4D-CT. In LL region, 4D-CT 
was delivered higher dose to the spinal cord 
(33 %) than helical CT, while helical CT was 

delivered higher dose to the heart (20 %). A 
smaller difference between dose delivered to 
the esophagus (3 %) and lung (2 %) was found 
comparing helical CT vs 4D-CT in LL area. 
These doses differences from several modali-
ties could be explained by the fact that the 
helical CT was performed for the whole tho-
rax region, while 4D-CT was performed on a 
tailored area depending on tumor localization 
(UL and LL) (Figure 1). In Yang et al. study, 
doses to OARs were compared between he-
lical CT scan versus 4D-CT scan [17]. They 
reported that higher doses were delivered to 
OARs using 4D-CT compared to helical CT: 
heart 8.0 vs 103.0 mGy; bilateral lungs 7.1 
vs 94.6 mGy; spinal cord 7.4 vs 94.2 mGy; 
esophagus 7.9 vs 103.7 mGy [17]. Compared 
to the results from the Yang et al. study, higher 
doses were delivered to the OARs (from 1.5 
to 3.5 times) for the helical CT, while lower 
doses were delivered to the OARs (from 2 to 
5 times) for 4D-CT in this study [17]. These 
differences were provided from different man-
ufactured CT scans, acquisition parameters 
(helical CT and 4D-CT) and scanned regions 
(4D-CT) in this study, compared to the previ-
ously cited study [17].

Comparing helical CT versus kV-CBCT, 
dose delivered to the OARs was higher us-
ing helical CT: 1.7 times to the spinal cord, 
5.9 times to esophagus, 6.5 times to the lungs, 
4.4 times to the heart. Helical CT delivered 

OARs
Upper lobe Lower lobe

TPS Imaging RGR p TPS Imaging RGR p
(mGy) (mGy) (mGy) (mGy)

Sc 1240±930 74.4±15.7 16.7 <0.0001 11020±6200 77.3±16.6 121 <0.0001
Esophagus 2840±2420 94.5±13.9 30.1 <0.0001 10940±3640 80.3±14.8 137.6 <0.0001

Lung 3490±760 130.1±19.2 26.8 <0.0001 6840±4420 109.6±18.7 52.9 <0.0001
Heart 930±1840 136.0±20.9 6.8 <0.0001 16540±14510 131.9±23.6 106.9 <0.0001

OARs: Organs at risk, Sc: Spinal cord, TPS: Treatment planning system, RGR: Relative GAP

Table 5: Comparison between treatment beam mean doses and imaging total mean dose deliv-
ered to the organs at risk (OARs) depending on upper lobe (UL) and lower lobe (LL) areas with 
associated relative gap rations and p-values were presented
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higher effective dose (10.7 times higher) than 
kV-CBCT. Spezi et al. evaluated dose to the 
lung and spinal cord from six chest cases us-
ing the X-ray volume imaging unit mounted 
on an Elekta Synergy linear accelerator (Ele-
kta, Crawley, UK) [15]. They reported that 
dose delivered to the lung and spinal cord was 
less than 40 and 50 mGy, respectively [15]. In 
Nakamura et al. study, imaging mean doses 
were less than 26 mGy for soft tissues (such 
as lung, spinal cord and heart) from 3D-CBCT 
scans for nine lung cancer patients [16]. These 
OARs received slightly higher mean doses in 
these previous studies due to differences be-
tween their imaging acquisition parameters 
and those of this study [16]. 

This study has several limitations. Thus, 
therapeutic doses were compared to imaging 
dose by mean values instead of maximum 
values because commercial imaging dosimet-
ric simulation software did not allow users to 
perform dose computation on each phantom 
voxels. In these imaging dosimetric software, 
only the mean dose was available. Finally, 
biological effects on exposed organs between 
low energy (kV) and high energy (MV) could 
be different as this depends on the secondary 
electrons range. In the diagnostic imaging 
field, the secondary electrons range is short 
due to low energies. At a megavoltage photon 
beam, the secondary electrons range increases 
leading to regions where dose buildup is not in 
electronic equilibrium and thus raises biologi-
cal risk [29].

Conclusion
In conclusion, imaging exposure depends 

on acquisition parameters specific to each im-
aging modality. OARs exposure was higher 
using 4D-CT than other imaging modalities 
and depends on tumor size and location. The 
imaging maximum total dose compared to to-
tal dose delivered from lung SBRT treatment 
(0.3 %) was below the AAPM recommended 
threshold (5 %) and could not be included in 
treatment planning.
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