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A B S T R A C T   

The number of chest computed tomography (CT) procedures has increased worldwide as it is a diagnostic tool for 
a variety of lung diseases, mainly for visualizing and monitoring lung extensions and impairments. Due to res
piratory problems in patients during the CT scan, health professionals need to perform special care such as Bag- 
Valve-Mask Ventilation and accompany them throughout the procedure. Therefore, this study aimed to inves
tigate and evaluate the doses received by these professionals during a chest CT study. The effectiveness of 
personal protective equipment (PPE) was also evaluated. To achieve these objectives, computational scenarios 
were simulated with pediatric (1 and 10 years old) and adult virtual anthropomorphic phantoms, representing 
patients and professionals. Conversion coefficients for equivalent (CC[HT]) and effective (CC([E]) doses were 
determined using the MCNP 6.2 Monte Carlo code. The results obtained showed that the highest dose effective [E]
values were for the professional positioned in front of the gantry and without the use of PPE, ranging from 
around 5.78 × 10− 2 to 1.82 × 10− 1 mSv, depending on the patient size monitored during the examination and 
the x-ray tube voltage. The organs of the simulated professionals with the highest CC[HT] values were the breasts 
(female) and testicles (male). Furthermore, the use of PPE demonstrate reductions on CC[HT] and CC([E] values 
of the professional of approximately 91 %.   

1. Introduction 

Some patients with respiratory system problems require special care 
and respiratory equipment, such as the manual ventilation mechanism 
bag valve mask (BVM) during the performance of a computed tomog
raphy (CT) exam. In such cases, the presence of a trained professional to 
provide necessary care is essential (Nagamoto et al., 2021). There are 
also other procedures that lead the professional to accompany or contain 
patients, such as in pediatric procedures, and special care in patients 
with multiple traumas (Nagamoto et al., 2021; Mori et al., 2014; Al-Hal 
et al., 2003; Kobayashi et al., 2012; Sookpeng et al., 2019). Mori et al. 
(2014) pointed out that, on average, one to two times per month, the 
professionals needed to accompany and remain in the CT room during 
the exam, and that 30 % of the professionals felt anxious when per
forming manual ventilation (Mori et al., 2014). 

The process of obtaining images of the lungs requires the control of 
the air entering and leaving the lungs, which the professional 

performing the ventilation on the patient does manually. Therefore, the 
professional stays in the room during the entire examination and is 
exposed to ionizing radiation scattered from the patient. Studies have 
pointed out that, in cases of professionals exposed to radiation during 
their workday, dermatitis, skin cancer, leukemia, cataracts, and brain 
tumors (Linet et al., 2010; Tamam et al., 2023; Vaño et al., 1998; 
Abuelhia and Alghamdi, 2020; Ferrari et al., 2010, 2019, 2022). How
ever, there are few studies about the doses of ionizing radiation received 
by professionals who remain in the room during conventional CT ex
aminations (Nagamoto et al., 2021; Heilmaier et al., 2016; Palm and 
Frida, 2017). 

Experimental studies have investigated doses in the eye lenses of 
professionals performing special care, such as manual breathing on pa
tients during diagnostic CT examinations, using radio-photoluminescent 
glass dosimeters (RPLD) (Nagamoto et al., 2021; Ota et al., 2021; Osanai 
et al., 2021). These studies highlighted a 50–92 % efficiency of lead 
eyewear (composed of lead glass) and the importance of their use by the 
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medical team during the CT examination. Another study by Palm and 
Nelson (2017) found that the position that presented the highest doses of 
scattered radiation was in front of the gantry, with values of 96.03 μGy 
during a chest examination (Palm and Frida, 2017). 

Although these studies are important (Nagamoto et al., 2021; Heil
maier et al., 2016; Palm and Frida, 2017; Ota et al., 2021; Osanai et al., 

2021), they present limitations, mainly in the estimation of absorbed 
doses to organs and tissues. Currently, computational tools such as 
Monte Carlo techniques allow the determination of the probability of 
interactions of radiation with different types of materials (Yoriyaz, 
2009). Additionally, virtual anthropomorphic phantoms representing 
the composition of tissues and organs and anatomy of the human body 
are available (Kramer et al., 1982, 2009; Cristy, 1980; Lee et al., 2010). 
Thus, it is possible to estimate the absorbed doses for each tissue and 
organ, and calculate the respective effective doses for professionals and 
patients. In the literature, studies have used Monte Carlo and virtual 
anthropomorphic phantoms in CT fluoroscopy (Figueira et al., 2013; 
Gyekye et al., 2016). 

However, to the best of our knowledge, there are no published 
studies using these computational tools to evaluate the radiation expo
sure of professionals accompanying the patient during conventional CT 
examinations. This study aimed to investigate and evaluate the doses 
received by professionals during chest CT scans, when they were 
required to be in the CT room during the examination. Our study 
adopted Monte Carlo simulations with adult male and female virtual 
anthropomorphic phantoms to represent professionals (Kramer et al., 
2009; Cassola et al., 2009). The patients were represented by phantoms 
of different ages (1 and 10 years and adults) (Kramer et al., 2009; Cas
sola et al., 2009, 2013; De Melo Lima et al., 2011). This study can be 
used as a guide to evaluate the equivalent and effective doses received 
by professionals. 

2. Materials and methods 

2.1. Monte Carlo Method and virtual anthropomorphic phantoms 

Input files (IFs) were created to simulate typical scenarios of chest CT 
examinations in pediatric patients (1 and 10 years old) and adults. In 
these scenarios, it was considered that these patients are accompanied 
into the CT room by a professional providing special care during the 
examination. The IFs were prepared to be used with the MCNP6.2 Monte 
Carlo code (Werner et al., 2018), and, otherwise stated, the default 
configuration was used. The professionals and the patients were repre
sented by the set of virtual anthropomorphic phantoms, developed at the 
Department of Nuclear Energy of the Federal University of Pernambuco 
(Kramer et al., 2009; Cassola et al., 2009, 2013; De Melo Lima et al., 
2011). 

They were used to represent pediatric patients aged 1- and 10-years- 
old, as well as adult patients and professionals, which were the MASH3 
(male) and FASH3 (female) phantoms (Kramer et al., 2009; Cassola 
et al., 2009, 2013; De Melo Lima et al., 2011). The 1-year-old virtual 
phantom had both male and female gonads. The adult virtual phantoms 
were constructed using voxels of size 0.24 × 0.24 × 0.24 cm3, and the 
pediatric ones with 0.14 × 0.14 × 0.14 cm3. The patients’ characteristics 
are listed in Table 1. 

2.2. X-ray source for the computed tomography equipment 

To simulate a CT scanner, specific and detailed information is needed 
regarding the X-ray source, photon energy spectrum, its dimensions, 
materials, the entire inherent filtering system, collimators, and bowtie 
filter. Some of this information can be found in the CT scanner user 
manuals. However, the dimensions, design, and material of the bowtie 

Table 1 
Main characteristics of pediatric (1 and 10 years old) and adult (FASH3 and 
MASH3) virtual anthropomorphic phantoms (Kramer et al., 2009; Cassola et al., 
2009, 2013; De Melo Lima et al., 2011).  

Characteristics 1 year old both 
gonads 

10 years old Adult 

Female Male Female Male 

Body mass (kg) 10.25 30.95 30.54 60.0 73.0 
Height (m) 0.76 1.38 1.38 1.63 1.76 
Body-Mass Index (kg/ 

m2) 
17.73 16.23 16.01 22.7 23.6  

Fig. 1. CT source geometry: (1) gantry cover; (2 and 3) collimators; (4) circular 
X-ray source. 

Fig. 2. Occupational exposure scenario, in which the professional (1) was 
positioned in front of the gantry and facing the patient table (position 1), and 
behind the laterally directed gantry (position 2) accompanying the patient (2) 
during the exam with a CT scan (3). The professional is wearing the PPE: (4) 
lead eyewear; (5) thyroid shield; (6) lead apron. 

Table 2 
Scanning parameters in chest CT examination (American College of Radiology).  

Patient Tube 
voltage (kV) 

Current-time 
product (mAs) 

Pitch Slice thickness 
(cm) 

No of 
slices 

1 yrs 100/120 100 1 0.5 32 
10 yrs 100/120 100 2 0.5 24 
Adults 100/120 100 2 0.5 32  
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filter are confidential and proprietary. Each scanner model has its own 
specifications, which makes the Monte Carlo simulation process more 
difficult. To overcome this problem over the years, some researchers 
have begun to create theoretical and experimental methods to determine 
the dimensions, bowtie filter models, and energy spectrum, called 
equivalent models (Turner et al., 2009; Boone, 2010; McKenney et al., 
2011; McMillan et al., 2013). 

In this study, the technical characteristics of the GE Discovery 
CT750HD scanner were considered, which adopted a GE Performix 
tungsten target X-ray tube with an anode angle of 7◦, inherent filter of 6 
mm aluminum (General Electric Company) and X-ray tube voltages of 
100 and 120 kVp. In these cases, the bowtie filter obtained and validated 
by Costa et al. (2022), was used. In this study, the authors used the 
analytical methods of Boone (2010), to obtain the X-ray spectra and 
filtrations generated by the semi-empirical TBC model (Boone, 2010; 
Gonzales et al., 2015). The validation was performed through spec
trometry and half-value layer measurements using a Compton Spec
trometer, and the obtained values were compared with those in the 
literature (Costa et al., 2007; Terini et al., 2020). 

The examination room and CT equipment were carefully simulated 
to mimic the real components. The material composition was estab
lished according to each chemical element and the corresponding den
sity present in the Compendium of Material Composition Data for Radiation 
Transport Modeling (McConn et al., 2011). The walls, ceiling, and floor of 
the room were simulated for concrete barite-type BA (ρ = 3.35 g/cm3). 
The internal structure of the CT Scanner is composed of steel carbon (ρ 
= 7.82 g/cm3) and external structure made of bakelite (ρ = 1.25 g/cm3). 

To reproduce 360◦ X-ray tube rotation, the X-ray source was simu
lated as a volume source of ring-shaped circular geometry with a radius 
of 40 cm radius and 0.5 cm thickness. The entire lead collimator system 
(ρ = 11.35 g/cm3) was also inserted into the simulation design, and the 
equipment was suitable for performing the examination according to the 
established protocols (Fig. 1). 

2.3. Simulated scenarios 

Typical chest CT scenarios were simulated for pediatric (1- and 10- 
years-old) and adult patients. All patients were accompanied by a pro
fessional to perform special care, such as manual ventilation, during the 
entire scan. Two of the most common positions in which the pro
fessionals stood during the procedure were selected: being in front of the 
gantry and facing the patient table, named position 1 (Fig. 2a), and 
behind the gantry directed laterally, named position 2 (Fig. 2b). The 
distance from the professional to the patient table was 10 cm and the 
distance from the gantry was 5 cm. We also considered situations with 
and without the use of personal protective equipment (PPE) (Fig. 2). The 
PPE simulated in this study was lead eyewear, lead apron, and thyroid 
protector, all with a thickness of 0.5 mmPb (Fig. 2c). 

There are several different scanning protocols for chest CT, and many 
pediatric and adult patients undergo repetitive CT examinations (Ng 
et al., 2020; Zamani et al., 2021; Homayounieh et al., 2021). Thus, for 
each patient, the scan parameters were simulated according to protocols 
recommended and established by the American College of Radiology 
(American College of Radiology) (Table 2). 

Fig. 3. Chart of the organs of the female professional who received the highest CC [HT ] values, without and with PPE in positions 1 and 2 to follow the pediatric and 
adult patients, during the chest CT, considering a tube voltage of 100 kVp. 
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2.4. Dosimetric calculations 

In the dosimetric calculations using the Monte Carlo Method, each 
simulation was performed with 109 histories, employing the F6 tally 
(MeV/g/source-particle). For each CT slice, an F6 tally was obtained, 
and the sum of the tally was used to calculate the conversion coefficients 
for equivalent (CC[HT]) and effective (CC[E]) doses (Soares et al., 2019; 
ICRP, 2007). These values were obtained based on the radiation 
weighting factor, scan parameters, and anatomical properties of each 
phantom. 

The CC[HT] of the five organs that received the highest radiation 
doses (Figs. 3–6) was determined using equation (1), in accordance with 
ICRP 103, 2007 (ICRP, 2007). 

CC[HT ] =
DT .wR

Ca,100
(1)  

where DT is the absorbed dose obtained in MCNP 6.2, wR is the radiation 
weighting factor and Ca,100 air kerma and 100 mAs. The Ca,100 was ob
tained computationally by simulating a pencil-type ionization chamber 
(Radcal Corporation, Monrovia, California 91016, USA) model 10X5- 
3CT, positioned at the isocenter of the gantry (Radical Corporation, 
2011). 

For whole-body radiation dose analysis, the CC[E] was calculated 
(Table 3) according to ICRP 103, 2007 (equation (2)), where wT is the 
tissue weighting factor (ICRP, 2007). 

CC[E] =
∑

T
wT

CC[HT ]
male

+ CC[HT ]
female

2
(2) 

To determine the effective doses (E) of professionals, it was neces
sary to relate the simulated scenarios to the experimentally obtained 
results. For this, we adopted the air kerma obtained in the study by Costa 
et al. (2022), which used the same CT scanner simulated in our study. 

3. Results and discussion 

Figs. 3–6 present the CC[HT] values obtained by female and male 
professionals during the monitoring of pediatric patients (1–10 years 
old) and adult patients during the chest CT examination, according to 
the two positions of the professional, with or without PPE, and the tube 
voltages used (100 and 120 kVp). 

Analyzing the most critical situation, in which the professional does 
not use any PPE, when accompanying the patients during the chest CT 
(Figs. 3–6), the five organs that received the highest CC[HT] values were 
the breasts, stomach, thyroid, colon, and skin for the female profes
sional, and testicles, breasts, stomach, colon, and liver for the male. This 
was observed for both the positions and the tube voltages evaluated in 
this study. 

3.1. Occupational assessment 

Figs. 3 and 4 show the CC[HT] values for the female professional with 
and without PPE and at tube voltages of 100 kVp and 120 kVp, 

Fig. 4. Chart of the organs of the female professional who received the highest CC [HT ] values, without and with PPE in positions 1 and 2 to follow the pediatric and 
adult patients, during the chest CT, considering a tube voltage of 120 kVp. 
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respectively. We observed that the CC [HT] values of the breasts, stom
ach, thyroid, colon, and skin were higher when the female professional 
accompanied the 1-year-old patient at position 1. In this situation CC 
[HT]breast was 1.90 × 10− 2 (0.03 %) Sv/100 mAs (120 kVp) and 1.72 ×
10− 2 (0.03 %) Sv/100 mAs (100 kVp). The organs that received the 
highest CC [HT] values regardless of position and patient were the 
breasts. 

In the same situation, a scenario was simulated with the professional 
using an apron lead, lead eyewear, and thyroid protector. In this case, 
the CC[HT]breast was 4.79 × 10- 4 (0.14 %) Sv/100 mAs (100 kVp) and 
7.68 × 10− 4 (0.14 %) Sv/100 mAs (120 kVp), as shown in Figs. 3 and 4, 
with approximately 96 % CC[HT]breast reduction. As this is a radiosen
sitive organ with a large body mass, the use of the lead apron is 
extremely important. In addition to the breasts, other organs that also 
received higher doses were protected when the professional used the 
lead apron. 

The thyroid gland is another organ that is radiosensitive. The highest 
CC[HT]thyroid values were 1.25 × 10− 2 (0.13 %) Sv/100 mAs for 120 kVp 
and 1.13 × 10− 2 (0.13 %) Sv/100 mAs for 100 kVp, when the profes
sional did not use PPE, in position 1 with the 1-year-old patient. With the 
use of a thyroid protector, the CC[HT]thyroid values were reduced by 
approximately 93 %. 

Figs. 5 and 6 show the CC [HT] values of the male professional, with 
and without PPE, and at tube voltages of 100 and 120 kVp, respectively. 
For male professionals, the organs with the highest CC [HT] values were 
the testicles, breasts, stomach, colon, and liver. The testicles in both 
positions and for all patients presented the highest CC[HT]testicles values: 

1.89 × 10− 2 (0.09 %) Sv/100 mAs for 100 kVp and 2.05 × 10− 2 (0.09 %) 
Sv/100 mAs for 120 kVp, when the professional accompanied the 1- 
year-old patient in position 1, being considered the most critical sce
nario. With the use of the lead apron, the CC[HT]testicles values were 7.11 
× 10− 4 (0.15 %) Sv/100 mAs for 100 kVp and 1.05 × 10− 3 (0.33 %) Sv/ 
100 mAs for 120 kVp, presenting CC[HT]testicles values reduced by 
approximately 96 %. 

It is commonly noted that the organs shown in Figs. 3 and 6 are those 
that present the highest dose, among the most radiosensitive, have a 
high chance of presenting tissue reactions when exposed to ionizing 
radiation (Linet et al., 2010; Palm and Frida, 2017; ICRP, 2012). In 
addition, when professionals do not use PPE during patient follow-up, 
the highest CC[HT] values occur at position 1. In addition, as shown in 
Figs. 3 and 6, when (lead apron, lead eyewear, and thyroid shielding) is 
used, the CC [HT] values decreased by more than 90 %. Thus, it is rec
ommended that professionals use PPE, and they must stay at position 2 
(behind the gantry directed laterally). 

To obtain the effective dose, the CC[E] values were multiplied by the 
air kerma measured experimentally by Costa et al. (2022). The E values 
in the professionals for all situations were calculated and are presented 
in Table 3. 

It is observed that E values without PPE ranged from 5.26 × 10− 2 

mSv to 1.82 × 10− 1 mSv, which can be explained due to variables be
tween scenarios: size, BMI and gender of the patients, tube voltage and 
positions. The highest E values were for the professional in position 1, 
without PPE, with the 1-year-old patient and tube voltage of 120 kVp 
(Table 3). 

Fig. 5. Chart of the organs of the male professional who received the highest CC[HT] values, without e with PPE in positions 1 and 2 to follow the pediatric and 
adult patients, during the chest CT, considering a tube voltage of 100 kVp. 
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Fig. 6. Chart of the organs of the male professional who received the highest CC[HT] values, without e with PPE in positions 1 and 2 to follow the pediatric and 
adult patients, during the chest CT, considering a tube voltage of 120 kVp. 

Table 3 
CC[E] values (mSv/Gy.100− 1 mAs) and E (mSv) for the professional, with and without PPE, positioned in front of the gantry and facing the patient table (position 1), 
behind the gantry directed laterally (position 2), when monitoring and performing special care on pediatric (1- and 10-years old) and adult patients during diagnostic 
chest CT. The relative errors (%) are presented in parentheses.  

Patient Position 1 Position 2 

Without PPE With PPE Without PPE With PPE 

CC[E] E CC[E] E CC[E] E CC[E] E 

100 kVp 
Adult 5.02 

(0.03) 
6.52 × 10− 2 

(0.03) 
2.39 × 10− 1 

(0.12) 
3.10 × 10− 3 

(0.12) 
4.91 
(0.03) 

6.38 × 10− 2 

(0.03) 
2.47 × 10− 1 

(0.12) 
3.21 × 10− 3 

(0.12) 
1 year old 7.54 

(0.02) 
9.80 × 10− 2 

(0.02) 
3.68 × 10− 1 

(0.07) 
4.78 × 10− 3 

(0.07) 
6.05 
(0.03) 

7.86 × 10− 2 

(0.02) 
3.20 × 10− 1 

(0.11) 
4.16 × 10− 3 

(0.11) 
10 years old (male) 4.45 

(0.02) 
5.78 × 10− 2 

(0.02) 
2.27 × 10− 1 

(0.09) 
2.95 × 10− 3 

(0.09) 
4.05 
(0.02) 

5.26 × 10− 2 

(0.02) 
2.17 × 10− 1 

(0.10) 
2.82 × 10− 3 

(0.10) 
10 years old 

(female) 
4.53 
(0.02) 

5.89 × 10− 2 

(0.02) 
2.29 × 10− 1 

(0.09) 
2.97 × 10− 3 

(0.09) 
4.13 
(0.02) 

5.37 × 10− 2 

(0.02) 
2.18 × 10− 1 

(0.10) 
2.84 × 10− 3 

(0.10) 
120 kVp 
Adult 5.89 

(0.03) 
1.24 × 10− 1 

(0.03) 
3.57 × 10− 1 

(0.09) 
7.50 × 10− 3 

(0.09) 
5.73 
(0.03) 

1.20 × 10− 1 

(0.03) 
3.72 × 10− 1 

(0.10) 
7.81 × 10− 3 

(0.10) 
1 year old 8.68 

(0.02) 
1.82 × 10− 1 

(0.02) 
5.52 × 10− 1 

(0.07) 
1.16 × 10− 3 

(0.07) 
6.95 
(0.02) 

1.46 × 10− 1 

(0.02) 
4.62 × 10− 1 

(0.09) 
9.71 × 10− 3 

(0.09) 
10 years old (male) 5.27 

(0.02) 
1.11 × 10− 1 

(0.02) 
3.36 × 10− 1 

(0.07) 
7.05 × 10− 3 

(0.07) 
4.77 
(0.02) 

1.00 × 10− 1 

(0.02) 
3.22 × 10− 1 

(0.08) 
6.75 × 10− 3 

(0.08) 
10 years old 

(female) 
5.27 
(0.02) 

1.11 × 10− 1 

(0.02) 
3.36 × 10− 1 

(0.07) 
7.05 × 10− 3 

(0.07) 
4.76 
(0.02) 

1.00 × 10− 1 

(0.02) 
3.21 × 10− 1 

(0.08) 
6.75 × 10− 3 

(0.08)  
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In these scenarios, the effective doses were 9.80 × 10− 2 mSv for 100 
kVp, and 1.82 × 10− 1 mSv for 120 kVp in position 1 and 7.86 × 10− 2 

mSv for 100 kVp and 1.46 × 10− 1 mSv for 120 kVp, in position 2. 
Comparing the tube voltages of 100 kVp and 120 kVp, an increase of 
approximately 46 % was observed. Observing the two simulated posi
tions, there was a 20 % dose reduction when the professional was in 
position 2. Furthermore, the use of PPE resulted in dose reductions of up 
to 91 % at both positions. 

The scattered radiation in the CT room was evaluated for the critical 
scenario, in which the female professional accompanied the 1-year-old 
patient in position 1 and a tube voltage of 120 kVp. We evaluated the 
situations without PPE (Fig. 7a and b) and with PPE (Fig. 7c and d). The 
radiation levels were evaluated at a height of 130 cm from the floor with 
a 360◦ rotation of the X-ray tube. 

Fig. 7 shows the dose levels of scattered radiation from the interac
tion of the incident X-ray beam with the patient’s body and the CT 
equipment. Other organs and regions of the body absorb scattered ra
diation, resulting in undesirable doses for patients and professionals 
(Vázquez-Bañuelos et al., 2019; Campillo-Rivera et al., 2021; Dávila 
et al., 2018; Ron et al., 1995). We can see that in this position, as rep
resented in Fig. 7, the dose received by the professional is quite high 
because areas around the CT equipment have a high level of scattered 
radiation (Palm and Frida, 2017; Ota et al., 2021). 

Therefore, researchers have highlighted the importance of studying 
absorbed doses from scattered radiation (Heilmaier et al., 2016; Palm 
and Frida, 2017; Vázquez-Bañuelos et al., 2019; Campillo-Rivera et al., 
2021; Dávila et al., 2018; Ron et al., 1995). Heilmaier et al., 2016, 
created a control and safety system called “traffic light,” which de
termines different levels of radiation exposure at points in the CT room, 
which are established safety positions that the professional should stay 
in or risk positions that should be avoided (Heilmaier et al., 2016). Due 
to the high workload of the team, imposed by the high number of exams, 
and the uncomfortable clothing for biological risk, some professionals 
do not use or make inappropriate use of their PPE (Ota et al., 2021; 
Shafiee et al., 2020; Overhoff et al., 2020). Studies emphasize the effi
ciency of dose reduction when using radiological protection equipment, 
indicating the importance of using PPE (Heilmaier et al., 2016; Palm and 
Frida, 2017; Ota et al., 2021; Osanai et al., 2021; Dávila et al., 2018). 

4. Conclusions 

In this study, radiation doses were calculated for professionals of 
both genders during chest CT examinations, for patients with manual 
ventilation mechanism BVM. In this way, typical CT scenarios were 
simulated using Monte Carlo simulation and anthropomorphic phan
toms, in which the different examination protocols, professional posi
tioning, and the use of PPE were investigated. 

The results obtained showed that the highest CC[E] values were for 
the professional positioned in front of the gantry and without the use of 
PPE, varying from 5.78 × 10− 2 to 1.82 × 10− 1 mSv, depending on the 
size of the patient and the tube voltage. The organs with the highest CC 
[HT] values for the professional were the breast (females) and testicles 
(males). 

We verified that the highest CC[HT] and CC[E] values for the pro
fessionals occurred for positioning in front of the gantry and facing the 
patient table during a chest CT exam with a 1-year-old patient, without 
any PPE. In addition, it was concluded that the use of PPE reduced the 
CC[HT] and E values by up to 91 %. 

It is important to highlight that the estimation of the annual dose 
depends on different parameters, in which the ideal is to carry out more 
specific studies for each situation and protocol established by the 
institution. Because exposure to ionizing radiation poses risks to patients 
and professionals, it is necessary to emphasize the effects of radiological 
protection and compliance with safety standards for the medical staff. 
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