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Abstract

Background Several methods can be used to intraoperatively identify pulmonary lesion using radiation technology.
However, little is known about patient radiation exposure during chest surgery. We aimed to measure patients’
radiation exposure from cone-beam computed tomography (CBCT) used in a hybrid operating room.

Methods This retrospective study included patients who underwent surgical treatment in a hybrid operating room
between April 2019 and December 2023 at the Teikyo University Hospital. All data was obtained prospectively,

but the study was approved by the IRB as a retrospective study because of repeated extensions of study period in
order to collect more cases. Skin radiation exposure was measured using five wearable dosimeters per patient. The
measurements were compared to cumulative Air Kerma. Furthermore, the radiation exposure dose on the surgical
side, which cannot be measured, was estimated by computer simulation.

Results Among 182 patients who underwent surgery in a hybrid operating room, radiation exposure measurements
were conducted on 67 patients. The patients’mean age was 60.7 years. The average number of CBCT scans was 2.1
(1-5) and the intraoperative identification rate was 100%, with no marking-related complications. Average patient’s
skin radiation dose was 3.69+5.48 mGy per dosimeter, and cumulative Air Kerma was 25.4+ 19.3 mGy. The highest
radiation exposure was recorded in the 5th intercostal space whereas the lowest was measured in the supraclavicular
or 11th intercostal spaces. Referring to phantom and computer simulation data, the 5th and 8th intercostal spaces
were significantly more exposed to radiation at not only measurement side but also the surgical field, particularly
when the number of CT scans was four.

Conclusion We found that the patient’s 5th to 8th intercostal space was the most radiation exposed area by

intraoperative CBCT imaging because the CBCT movement was restricted by the patient’s arm, anesthesia machine,
and operating table during chest surgery. In future, it is strongly required to research for radiation protection in
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this area. Furthermore, performing no more than three scans intraoperatively may be preferable in order to protect
patients from radiation exposure during CBCT guided thoracic surgery.

Keywords Cone-beam computed tomography, Navigation surgery, Radiation exposure, Small lung cancer, Video-

assisted thoracoscopic surgery

Background

Lung cancer is the leading cause of cancer-related
death, accounting for 1.79 million deaths (18.0% of
total cancer deaths) and the most frequent cancer,
accounting for 2.20 million new cases according to
GLOBOCAN 2020 [1]. In 2011, the National Lung
Screening Trial demonstrated a 20% reduction in lung
cancer mortality with three annual low-dose computed
tomography (CT) screenings for patients at a high risk
of lung cancer in the United States. Furthermore, in
2020, the Nederlands-Leuvens Longkanker Screenings
Onderzoek trial reported that the 10-year lung cancer
mortality in high-risk patients was significantly lower
in the CT-screening cohort than in the no-screening
cohort [2, 3]. Accordingly, some guidelines recom-
mend screening using low-dose CT for patients at risk
of lung cancer [4, 5]. This increase in the number of
CT examinations resulted in the increased detection
rate of small pulmonary nodules, which poses a new
challenge to thoracic surgeons regarding how to intra-
operatively identify very small lesions [6, 7].

Previously, small pulmonary nodules were identi-
fied by the surgeon’s direct touch during thoracot-
omy, and surgery was not indicated if the pulmonary
nodules were too small to palpate. Thereafter, when
video-assisted thoracic surgery became common, the
small surgical incision made it difficult for thoracic
surgeons to palpate small pulmonary nodules intra-
operatively. Therefore, novel intraoperative identifica-
tion methods have been developed one after another
to replace the tactile methods. CT-guided marking
was first developed for the intraoperative localization
of small peripheral pulmonary nodules [8, 9]. In the
early 1990s, percutaneous needle localization using
metal hook-wire placement was developed and rap-
idly spread. However, serious complications such as
dislodging and migration of the wire, air embolism,
bleeding and pneumothorax were reported [10, 11].
Some researchers then started using dyes as markers
instead of metals to reduce fatal complications; how-
ever, some minor complications in percutaneous dye
marking were reported [12-14]. Moreover, the dye
marker eventually disappears, making intraoperative
identification difficult [15].

In 1997, Kobayashi et al. reported CT-guided bron-
choscopic barium marking, which overcame some of
the disadvantages of percutaneous needle metal and/
or dye marking [16]. The transbronchial approach

provided a safer technique than the percutaneous
approach. However, this method was not widely used
at that time owing to difficulties performing a CT
examination during bronchoscopy in most medical
institutions. Subsequent novel technological innova-
tions including ultrathin bronchoscopy and/or virtual
bronchoscopy, brought the transbronchial approach
back into the limelight [17]. In 2014, virtual-assisted
lung mapping (VAL-MAP 1.0) was reported as a pre-
operative transbronchial multispot dye-marking tech-
nique with a good success rate for marking detection
intraoperatively without causing additional complica-
tions [18]. Currently, VAL-MAP 2.0, with microcoils in
the bronchus near the central stump during segmen-
tectomy is under development [19]. Intraoperative
identification using these transbronchial techniques is
an excellent research-based method. However, these
techniques have yet to be widely adopted in clinical
practice because they require multiple highly skilled
bronchoscopists and a more effective dye marker,
especially in cases of severe emphysema. Additionally,
there is a risk of residual microcoils in VAL-MAP 2.0.
Recently, hybrid operating rooms (ORs) equipped
with cone-beam CT (CBCT) have become popular
worldwide because minimally invasive treatments of
cardiovascular diseases such as endovascular aortic
repair (EVAR) or transcatheter aortic valve implanta-
tion (TAVI) have been recommended in the cardio-
vascular guidelines [20-23]. Although its popularity
in general thoracic surgery has been slow, with the
widespread use of EVAR or TAVI, CBCT can also be
used for intraoperatively identifying nonpalpable pul-
monary lesions [24—26]. These thoracoscopic marking
methods using CBCT are expected to be third-gen-
eration approaches, following percutaneous needle
and transbronchial approaches. The most significant
feature was the absence of preoperative markings,
meaning that thoracoscopic marking followed by sur-
gery can be performed simultaneously in a hybrid OR.
Moreover, there are almost no marking-related compli-
cations or psychological anxiety in patients. However,
there were a few reports on the extent of the patient
radiation exposure during CBCT surgery in a hybrid
operating room, and the details remains unknown
[27]. Therefore, it is necessary to investigate patient
radiation dose in detail during thoracic surgery due
to develop less invasive intraoperative identification
for small peripheral pulmonary nodule. Accordingly,
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in this study, we aimed to measure radiation expo-
sure dose at patient’s skin level who underwent during
thoracic surgery in a hybrid OR, and also conducted a
measurement experiment using a phantom.

Materials and methods

Study design

This retrospective study was approved by the Institu-
tional Review Board of the Teikyo University School of
Medicine (approval number: 20-068) and conducted
in accordance with the Declaration of Helsinki, as
revised in 2013. We collected clinical data of patients
who underwent surgical treatment in a hybrid OR
between April 2019 and December 2023 at the Tei-
kyo University Hospital from their electronic medical
records. Multi-detector CT (MDCT; Aquilion ONE
TSX-301C320, Toshiba, Japan) was performed on all
patients preoperatively. All resected tissue specimens
were obtained and pathologically diagnosed.

Inclusion and exclusion criteria

The inclusion criteria for surgery in a hybrid OR was
that intraoperative localization was required to iden-
tify small pulmonary nodules, pleural lesions or chest
wall mass. Conversely, we excluded cases from this
study when the target lesions were expected to be
easily identified during surgery (Fig. 1). Patients with
simultaneous bilateral lesions were considered as ineli-
gible cases, and patients without informed consent
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were unsuitable for this study. And, if data for more
than 90% of the clinicopathological variables were
missing, the patient was excluded from the study.

Thoracic surgery in a hybrid operating room

In our department, a hybrid OR is prepared for
patients with thoracic diseases requiring intraopera-
tive localization. This is particularly useful for patients
with peripheral small pulmonary nodules that require
surgical resection due to the presence of malignant
features. According to our previous publication, no
bronchoscopy and/or percutaneous needle puncture
was needed to identify the lesions intraoperatively in
a hybrid OR where CBCT (Allura Xper FD20, Phillips,
The Netherlands) and a free-floating table (Maquet
Co., Ltd., Germany) were available for use at any time
[26]. CBCT imaging was performed during an end-
inspiration breath-hold using a standard 10-s CBCT
protocol to identify the target lesions. All images were
taken using a standard lung protocol for CBCT, with-
out any special optimization.

Skin dose measurement in a hybrid operating room

A wearable dosimeter (nanoDot®; Nagase Landauer,
Tsukuba, Japan) was used during thoracic surgery
in a hybrid OR to measure the radiation exposure of
patients. It was an optically Stimulated Luminescence
Dosimeter made of Aluminum Oxide, calibrated on
phantom with 80kVp X-lays. In this study, the patient’s

Surgery between Apr 2019 and Dec 2023 (n=1,014)

| Excluded (n=832)

\ 4

“| Surgery in a non-hybrid OR*

Surgery at a hybrid-OR* (n=182)

Excluded (n=115)

A 4

21 No informed consent

No data of dosimeter

Measurement of patient radiation exposure dose (n=67)

*hybrid-OR; hybrid operating room

Fig. 1 Flowchart of patient enrolment into this study. After collecting data of all surgeries at Teikyo University Hospital from April 2019 to December 2013,
we excluded surgical cases which were performed in a non-hybrid operating room. Finally, we enrolled patients with wearable dosimeters into this study

to investigate radiation exposure from cone-beam computed tomography
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skin surface dose was measured. We were able to
attach the wearable dosimeters to chest wall not in
surgical field which must be kept clean. Five wearable
dosimeters were attached on the body surface of each
patient at five locations: the fossa supraclavicularis
major (FSM), second intercostal midclavicular line
(2nd IC), 5th intercostal midclavicular line (5th IC),
8th intercostal midclavicular line (8th IC), and 11th
intercostal midclavicular line (11th IC) (Fig. 2). After
general anaesthesia with endotracheal intubation, all
patients were placed on a free-floating table in the lat-
eral position; in other words, the surgical side of the
patient’s body faced the ceiling, and the healthy side
was placed on the surgical bed in a hybrid OR. As the
dosimeters covered the healthy side of the chest from
the start of general anaesthesia to the end of surgery,
all dosimeters could measure the patient’s skin radia-
tion exposure using a CBCT scan in a hybrid OR. Each
device recorded not only the exposure dose but also
information on the location of the dosimeter and num-
ber of CBCT scans. Radiology technicians manually
adjusted the field of view (FOV) in each case because
the location of pulmonary lesions differed depending
on the case, and radiation dose metrics from fluoros-
copy and CBCT, reference cumulative Air Kerma was
obtained.
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Measurement and simulation in a phantom

To determine the amount of radiation exposed to the
patient’s entire chest, a fast dose estimation system for
interventional radiology (FDEIR)—a Monte Carlo dose
estimation system for photons in the diagnostic energy
range—was adopted as the dose calculation method in
this study [28]. Five wearable dosimeters were attached
to five locations—similar to the those for measure-
ments in the patients—on a Chest phantom PBU-SS-2°
(Kyoto Science, Kyoto, Japan) for obtaining demo data
for each shot from 1 to 5 times (Fig. 3). As described
in our previous report, FDEIR calculated the absorbed
dose to the skin of the chest phantom using FUJITSU
Supercomputer PRIMEHPC FX1000 and FUJITSU
Server PRIMERGY GX2570 (Wisteria/BDEC-01;
FUJITSU Corp., Japan) at the Information Technology
Center of the University of Tokyo [28].

Statistical analysis

Descriptive statistics and categorical variables were
computed using standard formulae in Excel 2019 ver.
16.0.12527.20260° (Microsoft Corp, Tokyo, Japan) and
SPSS Statistics® version 27 (IBM Corp., Armonk, NY,
USA). Scatter plots and correlation coefficient analyses
were performed using the statistical software R version
4.2.3 (R Foundation for Statistical Computing, Vienna,

Midclavicular line

Ocm 1 2 3

Fossa supraclavicularis major (FSM)

2nd intercostal spaces (2nd IC)

5th intercostal spaces (5th IC)

8th intercostal spaces (8th IC)

NanoDot®
Nagase Landauer, Tsukuba, Japan

Fig. 2 Five wearable dosimeters are placed on patients'bodies in a hybrid operating room. These dosimeters are attached to the middle axillary line op-
posite the target. Each dosimeter is located on the fossa supraclavicularis major (FSM), 2nd intercostal space, 5th intercostal space (5th IC), 8th intercostal

space (8th IC), or 11th intercostal space (11th IC)
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Fig. 3 Phantom experiments was conducted using five wearable dosimeters for measurement of skin radiation dose of a Chest phantom PBU-SS-2°
(Kyoto Science, Kyoto, Japan), a table, and air for simply resembling a hybrid operating room suite. And this system was used as a reference for the Monte

Carlo simulation

Austria) with the ggplot2 package. A P-value<0.05
was deemed statistically significant.

Ethical considerations

It was necessary to notify or disclose information
to all patients in this study about the purpose of the
research, and to guarantee the opportunity to refuse as
much as possible.

Results

Patient characteristics

Patient characteristics are shown in Table 1. In
total, 1,014 surgeries were performed at our insti-
tute, including 182 surgeries performed in a hybrid
OR between April 2019 and December 2023 (Fig. 1).
Among them, 67 patients had data on radiation expo-
sure suitable for analysis and were therefore included
in our study. The patients’ mean age was 60.7 (29-81)
years, and there were 42 males (62.7%) and 25 females
(37.3%). Average body mass index (BMI) was 24.3
(18.5-41.4). Most cases were single lesions, and the
surgical procedure was thoracoscopic single-wedge
resection in approximately 70% of cases. The average
number of CBCT scans was 2.1 (1-5), and the iden-
tification rate was 100%. No complications related to
intraoperative localization were observed. The mean
value of patients’ radiation exposure was 9.0 mGy per
scan. Average radiation dose increased in proportion
to Cumulative Air Kerma when all scan times were 1,

2, and 3times. Meanwhile, it increased in proportion
to BMI only when scan times 2 or 3 times.

Characteristics of nodules

Surgery was performed on the right side in 41 (62.7%)
and left side in 26 (38.8%) patients. Table 2 shows the
locations of 78 lesions: 40 in the upper lobe (51.3%),
5 in the middle lobe (6.4%), and 33 in the lower lobe
(42.3%). CBCT imaging was carefully limited if the
pulmonary lesion was located in the lung apex or
above the diaphragm because the C-arm may collide
with patient’s arm, the anesthesia machine and/or
operating table. As a result of operating the CBCT to
avoid hitting such an obstacle, the center of FOV was
far away from the target lesion, especially in the upper
and lower lobe lesions. The average tumour size was
11.8 (2—-40) mm on MDCT, 11.3 (2-40) mm on CBCT,
and 13.8 (3—-80) mm in pathological examination. Con-
solidation/Tumour ratio (C/T ratio) demonstrated 47
solid nodules (61.8%), 17 subsolid nodules (22.4%), and
12 pure ground-glass nodules (15.8%). Pathological
examination revealed 31 primary lung cancers (39.7%),
31 metastatic tumours (39.7%), 4 infectious diseases
(5.1%), 2 fibroses (2.6%), 2 benign tumours (2.6%), and
8 other diseases (12.8%). The detection rate of target
lesions was 100% in the hybrid OR, and no marking-
related complications were confirmed.
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Table 1 Clinical characteristics of study patients (N=67).
Characteristics of patients who were enrolled into this study.
Most patients were male who had single pulmonary lesions on
right side chest. Wedge resection accounted for the majority,
and no marking-related complications were observed. Average
number of scan times of cone-beam computed tomography
was 2.1+0.79, and average radiation exposure (per scan) was
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Table 2 Characteristics of pulmonary nodules (N=78).
Characteristics of pulmonary nodules in this study. Most lesions
were located in the upper or lower lobes. Average tumor size
was 11.8+6.6,11.3+7.2,and 13.8£11.5 on MDCT, CBCT, and
pathology, respectively. Most lesions were solid nodules on the
images, and primary lung cancer and metastatic tumors each
accounted for about 40%. The detection rate by CBCT was 100%

9.0£557 mGy Characteristic n (%)

Characteristic n (%) Lobe

Age, years 60.7£14.0 Upper 40(51.3)

Sex Middle 5(6.4)
Male 42 (627) Lower 33 (423)
Female 25(37.3) Tumour Size on MDCT (mm) 11.8+6.6

BMI 243+3.74 Tumour Size on CBCT (mm) 113+72

Side Tumour Size on pathology (mm) 13.8+115
Right 41(612) Consolidation/Tumour Ratio on MDCT

Number of pulmonary lesions sub-solid (0<, <1) , 17(224)
Single 53(79.1) Pure ground glass opacity (0) 12(15.8)
Double 8(119) Pathological diagnosis
Triple 3(45) Lung cancer 31(39.7)
Multiple 3(45) Metastatic tumours 31(39.7)

Surgical procedure Infectious diseases 4(5.1)

- . Pulmonary fibrosis 2(2.6)
S\lng\e—wedge rgsectlon 48 (71.6) Benign tumour 2(26)
Bi-wedge resection 9(1 3?) Other 8(128)
Esg:wcig‘ﬁi;tomy ; g:g)/o) CBCT detection rate 78 (100)
Other 5(7.5%) Data on tumor size are presented as mean+SD

Intraoperative adhesions 12(17.9) CBCT; cone-beam computed tomography, MDCT; multi-detector computed
Time (surgery, min) 130.7+66.2 tomography

Time (anaesthesia, min) 2113+716

Blood loss (mL) 29.7+926 IC in a phantom experiments, however the measured

Complication 0(0)

Number of scan times 2.1+£0.79
Cumulative Air Kerma (mGy) 2544193
Radiation exposure (mGy per scan) 9.0+5.57

Data on age, time, blood loss, and radiation exposure are presented as
meanSD

Skin radiation dose

The row data for the radiation values and scan times
are summarised in Supplementary Table 1, where each
value was expressed in milligray (mGy). Average skin
radiation dose was 1.53, 3.59, 7.14, 5.04, and 1.20 mGy
at FSM, 2nd-IC, 5th-IC, 8th-IC, and 11th-IC, respec-
tively. In this study, patient’s radiation exposure dose
demonstrated a proportional relationship with Air
Kerma for all CBCT scans, meanwhile it showed no
proportional relationship with BMI at single CBCT
scan (Fig. 4). In Fig. 5, the location with the highest
radiation exposure was the 5th IC, whereas the loca-
tions with the lowest exposure were FSM and 11th
IC. Although the doses increased in proportion to the
number of scans, it was observed that two locations,
the 5th and 8th IC were significantly affected by CBCT
irradiation. On the other hand, the exposure dose was
found to be less at the FSM and 11th IC. Similarly,
higher radiation exposure was measured at 5th and 8th

values were higher in the patient than in the phantom.
In addition, it was also suggested that the patient’s
exposure dose may increase if the number of imaging
was four or more.

Radiation dose of a phantom

The Monte Carlo method was adopted to visualise
radiation exposure to the entire chest of the phantom
(Fig. 6). The image was generated with computer sim-
ulation as described in detail in our previous report
[28]. The bar on the right, displayed on a logarith-
mic scale where the maximum value was one, shows
relative radiation exposure dose by color.The image
indicated that the surgical side was also exposed to
radiation by CBCT, similar to the non-surgical side
attached to the five dosimeters.

Discussion

In this study, intraoperative localization was per-
formed in 182 patients in a hybrid OR during the study
period, and radiation exposure was measured in 67
patients. As published in our previous paper, no nee-
dle and/or bronchoscopy was required preoperatively
for the localization of pulmonary target lesions, which
could be identified by intraoperative CT alone [26].
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Using our identification method, the average number
of CBCT scans was 2.1 (1-5), and the detection rate
was 100%, with no marking-related complications.
Therefore, we believe that the final challenge with this
method is to control and reduce radiation exposure in
patients.

In 2008, Kan et al. performed a comprehensive study
on organ absorbed doses from CBCT demonstrating
that the mean skin dose to chest was 64 mGy which
was higher than 9.0 mGy per scan in our study [29].
Most other previous studies measured radiation expo-
sure in patients or healthcare workers during radiology
or dental examinations. Hsieh et al. used C-arm in a
hybrid OR for identification of small solitary pulmo-
nary nodules, reporting the median radiation expo-
sure was 223.2 mGy (Exam Protocol’ of the ARTIS
zeego instrument) [27]. The value was an excerpt of
the structured report on the X-ray radiation dose, so
it is impossible to compare with our data. Referring to
our cumulative Air-Kerma data (25.4 mGy), radiation
exposure dose in their method may result in higher
than that in our method. In Fig. 4, patient’s radiation

exposure dose increased positively as cumulative Air
Kerma increased, but it was not uniform from FSM
to 11th IC in Fig. 5. Thus, although there are a few
reports on estimated values of radiation exposure dose
provided by CBCT device, there has been no research
about radiation exposure measurement during chest
surgeries by attaching the measurement device directly
to patients.

In literature, the Monte Carlo simulation was used
to calculate the absorbed radiation dose in a set of
organs and tissues, including skin (0.06-0.09 mGy)
[30]. In our data, the average value of a phantom was
1.89 mGy per CBCT scan. However, it was impossible
to simply compare because Maria et al. aimed to mea-
sure the exposure dose to internal organs, whereas we
measured the skin dose. Furthermore, direct compari-
sons must be difficult because BMI differs between
phantom and actual measurements for each patient.
In 2018, Takata et al. reported the usefulness of a fast
skin dose estimation system for interventional radi-
ology, which calculates the patient skin dose [28]. In
this study, the Monte Carlo method was adjusted to
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simulate the skin radiation dose on the surgical side,
for which direct measurement is usually not possible
because the surgical field must be kept clean to pre-
vent surgical site infections. The Monte Carlo method
displayed the distribution of the exposure dose based
on the phantom data in Fig. 6, showing that the sur-
gical side was also highly exposed to radiation by
CBCT in two locations (5th and 8th IC). This finding
indicates that, in many cases, these two locations are
included in the irradiation field. In the surgical field, it
was technically difficult to position the FSM and 2nd
IC at the center of the FOV because the patient’s arm
and anesthesia machine interfered with the C-arm of
CBCT. Similarly, it was difficult to position 11th IC in
the center of the FOV because the surgical board on
which the surgical instruments were placed interfered
with it. As a result, there were many cases in which the
center of the FOV was located near the remaining 5th
and 8th ICs, and it was considered that the radiation
exposure dose in these areas was greater than in other
locations. In this study, it was proven that the radia-
tion exposure dose was largely biased in the 5th to 8th

IC range, so it would be better to use data from these
two sites when comparing to other methods in the
near future. In addition, it was also found that reduc-
ing the radiation exposure dose to these areas would
be effective for patients with general thoracic surgery.
Regarding the comparison between phantom data
and actual measurements, the following findings
were obtained. (1) the measured values were almost
the same as the phantom data at two locations (FSM
and 11th IC), but slight differences were observed at
the remining locations (2nd, 5th, 8th IC), (2) the mea-
sured values were almost the same as the phantom
data when CBCT scan 1 to times, but large differences
were observed if the number of CBCT scan times
was 4 or more. It was speculated that these findings
were caused by the factor that the CBCT center was
restricted to the area from 5th to 8th during thoracic
surgery. While the phantom doll in this study had no
arms, the actual patients had arms, so the difference
in radiation exposure dose at the 2nd IC may have
been observed. It was unclear why the actual radiation
exposure dose increased as the number of scan times
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Fig. 6 Images were generated using the Monte Carlo method as described in detail in our previous report. The bar on the right, displayed on a logarith-
mic scale where the maximum value was one, shows the relative radiation exposure dose by colour. Radiation exposure is mainly concentrated in three
central areas (B, C, and D); in contrast, the low dose area is observed in the upper and lower area (A and E). A, B, C, D, and E are the fossa supraclavicularis

major and the 2nd, 5th, 8th, and 11th intercostal spaces, respectively

increased near the center of CBCT. However, we have
learned that it would be better to limit the number of
scan times to 3 or less. The difference in the number of
scan 4 or more times is a topic for future research.

Limitations

This study had several limitations. It had a relatively
small number of cases and was a single institutional
study. Next, we only conducted the patient’s skin
radiation exposure dose in this study, i.e. no data was
obtained about radiation exposure of internal tissues
inside and outside FOV. Currently, there are vari-
ous intraoperative identification methods, and there
are no medical institutes using the same method as
ours; therefore, it is difficult to conduct multicentre
joint research to collect more cases. Nevertheless, we
believe that it is important to compare patients’ radia-
tion exposure among different intraoperative identifi-
cation methods, and a multicentre prospective study is
currently underway.

Conclusions

In conclusion, the patient’s 5th to 8th IC was the most
radiation exposed area by intraoperative CBCT imag-
ing during thoracic surgery because of the limitation
of CBCT motion interference with the patient arm and
various equipment related to surgery. In future, it is
strongly required to research for radiation protection
in this area, and it is also necessary to make efforts to
limit the number of scans to three or less, in order to
avoid occasional extremely large radiation exposure.
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