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Abstract
The COVID-19 pandemic has resulted in a large increase in the number of patients admitted to hospitals. Radiological tech-
nologists (RTs) are often required to perform portable chest X-ray radiography on these patients. Normally, when perform-
ing a portable X-ray, radiation protection equipment is critical as it reduces the scatter radiation dose to hospital workers. 
However, during the pandemic, the use of a lead shield caused a heavy weight burden on workers who were responsible 
for a large number of patients. This study aimed to investigate scatter radiation doses received at various distances, direc-
tions, and positions. Radiation measurements were performed using the PBU-60 whole body phantom to determine scatter 
radiation doses at 100–200 cm and eight different angles around the phantom. The tests were conducted with and without 
lead shielding. Additionally, the doses were compared using the paired t test (p < 0.005) to determine suitable positions for 
workers who did not wear lead protection that adhered to radiation safety requirements. Scatter radiation doses of all 40 tests 
showed a highest and lowest value of 1285.5 nGy at 100 cm in the anteroposterior (AP) semi upright position and 134.7 
nGy at 200 cm in the prone position, respectively. Correlation analysis between the dosimeter measurement and calculated 
inverse square law showed good correlation, with an  R2 value of 0.99. Without lead shielding, RTs must stay at a distance 
greater than 200 cm from patients for both vertical and horizontal beams to minimize scatter exposure. This would allow 
for an alternative way of performing portable chest radiography for COVID-19 patients without requiring lead shielding.
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1 Introduction

In December 2019, the coronavirus disease 2019 (COVID-
19) emerged in Wuhan, China, and spread rapidly through 
human-to-human transmission. COVID-19 has since become 
a globally recognized pandemic declared by the World Health 
Organization (WHO); the disease presents as a severe acute 
respiratory syndrome and causes death [1–4]. The WHO 
also declared COVID-19 to be a public health emergency 
of international concern requiring international cooperation 
and enforcement of a quarantine policy [1, 2]. Currently, safe 
and effective vaccines for controlling the COVID-19 pan-
demic have been approved and made available by the WHO, 
including those developed by Pfizer, Moderna, AstraZeneca, 

Johnson & Johnson, and Sinopharm, which have helped 
decrease the number of infected patients, severity of symp-
toms, and rate of mortality. Meanwhile, the virus continues to 
evolve through one or more mutations, which leads to the pos-
sibility of ineffectiveness of COVID-19 vaccines [5, 6]. There-
fore, screening and diagnostic test protocols for COVID-19 
are still required. The reverse transcription polymerase chain 
reaction (RT-PCR) test has been recommended by the Centers 
for Disease Control (CDC) and the WHO, and is considered 
as the gold standard method for COVID-19 screening [2, 3, 
7]. However, RT-PCR has limitations of long testing times, 
need for specific medical staff, and high costs, making it dif-
ficult to support the millions at risk [2, 3]. Many studies have 
suggested the use of chest computed tomography (CT) due to 
its high sensitivity and specificity, especially in asymptomatic 
patients at an early stage. However, the challenges of using CT 
during a global pandemic has raised concerns in many lower- 
to middle-income countries due to its high cost, the require-
ment for specialist expertise, and scanner availability [2, 7]. 
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Moreover, performing CT scans may raise radiation exposure 
concerns, and decontaminating the CT scanner/equipment 
following use by COVID-19 patients is time consuming [2, 
8]. Thus, the widely available usage of chest X-rays in most 
healthcare institutes may be a cost-effective option for quick 
diagnosis [3, 7, 8]. For observing and isolating patients in 
infection-controlled areas, portable X-rays play an important 
role in both diagnosis and follow-up by avoiding unneces-
sary transportation of infected patients, thereby reducing 
the possibility of spreading infection [7, 9–11]. On the other 
hand, the advantage of portable X-rays comes at the cost of 
increased radiation exposure to hospital staff because radia-
tion protective systems are not equivalent to those in radiology 
departments. Radiation received from portable chest X-rays is 
considered to be low dose, but without proper shielding, hos-
pital workers should be concerned about accumulative doses, 
which could lead to severe effects over the long term [12–14]. 
According to the International Commission on Radiological 
Protection (ICRP), the effective dose limit for the whole body 
is 100 mSv over five consecutive years and 50 mSv in any 
1 year for occupational workers [15]. Therefore, a radiological 
technologist (RT) and assistant who control portable X-ray 
machines must wear, or stay behind, high attenuation material 
shielding (i.e., lead, bismuth, or barium sulfate) temporarily 
during image acquisition to achieve a dosage that is as low as 
reasonably achievable (ALARA), thus minimizing radiation 
exposure [14, 16–18]. During COVID-19 epidemics, an RT 
entering infected zones is required to wear personal protec-
tive equipment (PPE) while a second worker waits outside the 
zone to remove cassettes without touching the wrapped outer 
layers, to minimize contamination [10]. The large number of 
portable chest X-rays taken during the COVID-19 epidemic 
has increased the workloads of technicians. In practice, a hos-
pital worker may skip the use of lead shields to avoid their 
weight, and instead move further away from the X-ray source. 
Therefore, a worker’s received radiation from portable chest 
X-rays is an interesting issue that has been investigated by 
many researchers, including ourselves [19–21]. The aim of 
the present study was to quantify the scatter radiation expo-
sure from portable chest X-ray examinations with and without 
protective shielding to compare the doses and to identify a 
suitable distance/angle between the worker and the radiation 
source, without shielding, to confirm worker safety while per-
forming duties with COVID-19 patients.

2  Materials and methods

This study examined the exposure technique parameters 
(kVp, mAs, SID) used over a 3-month period for portable 
chest X-ray examinations (posteroanterioir (PA) upright, 
anteroposterior (AP) semi upright, AP supine, prone) 
performed by two portable X-ray units in Paolo Kaset 

Hospital, Thailand: Shenzhen Angell portable, China 
(S/N OW32101233L) and Hitachi Sirius portable, Japan 
(S/N SX1440331). Assessment of these techniques was 
performed using the most common exposure technique 
values used to estimate the appropriate parameters for per-
forming this experiment. This study used the scatter radia-
tion from a MUX-10 version 1.00 X-ray portable device, 
Shimadzu, Japan (S/N 3YCFC6B6C009) that was setup 
in an X-ray room at Rangsit University, Thailand for all 
experiments. The calibrated Geiger–Muller (GM) counter 
model 14C (S/N 339236) by secondary standard dosimetry 
laboratory (certificate no. SM1291/260821 on 24 August 
2021) was used to measure the background radiation for 
about 20 min in the X-ray room. The X-ray tube was posi-
tioned facing the chest of the whole body phantom with 
a 180-cm distance between the X-ray tube and phantom. 
A whole body phantom PBU-60 (Kyoto Kagaku, Japan) 
with a height of 165 cm and weighing 50 kg made using 
urethane-based resin, including bone/air composition with 
photon attenuation equivalent to a human, represented the 
patient. The phantom was placed on a table at a height 
of 75 cm above the floor in all four routine chest X-ray 
positions: PA upright, AP semi upright, AP supine, and 
prone. For the AP semi upright and AP supine positions, 
the image acquisition of the phantom was setup as for a 
normal patient. For the PA upright position, a PVC plastic-
sealed barrier comprising four large clear plastic drapes 
(90 × 180 cm) with a 0.3 mm thickness, supported with 
PVC pipes, was installed around the phantom and posi-
tioned near a portable X-ray machine outside it. The setup 
was based on the clinical contamination minimization pro-
cedures for suspected COVID-19 walk-in patients at Paolo 
Kaset Hospital, Thailand. The ventilator tube was attached 
to the phantom in the prone position setup to simulate the 
conditions of COVID-19 patients with acute respiratory 
distress syndrome. The measurements were made using 
the most common clinical technical parameters 90 kV and 
5 mAs for voltage and current, respectively. Scatter radia-
tion was detected with a solid-state radiation dosimeter 
model AGMS-D + (diagnostic range), Radcal Accu-gold 
plus, USA (S/N 48–0688), which provided a real-time 
display. The solid-state dosimeter was calibrated using a 
secondary standard dosimetry laboratory (certificate no. 
0462062452 on 5 March 2020) before use in this experi-
mental study. The dosimeter probe was installed at a fixed 
height of 120 cm to demonstrate the whole body effective 
dose corresponding to the height of the highest dose from 
the results reported by Antonio et al. [21]. Figure 1 shows 
that the first measurement was taken at a 0-degree angle 
(0° corresponds to the median sagittal line in the direc-
tion of the X-ray tube) and a 100-cm distance between the 
mid-sternum of the phantom and the detector. The detector 
was repositioned in increments of 25 cm up to 200 cm as 
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shown in Fig. 2, which is the standard position of the RT 
operating the X-ray machine. The scatter dose measure-
ments were repeated for different directions around the 
phantom to obtain the scatter dose distribution map over 
360°: the detector was changed in 45° increments (Fig. 3). 
The basic interpolation Eq. 1 was used to deduce the value 

between two points in a set of data to provide the scatter 
radiation dose in 1° increments over 360°, where x and y 
are the desired values,  x1 and  y1 are the input and output 
from the lower value, and  x2 and  y2 are the input and out-
put from the higher value, respectively:

Each clinical simulation was setup with and without 
lead providing 0.5  mm protection shielding (UniRay, 
India). Three duplicate measurements were made for each 
measurement position and recorded. The scatter radiation 
dose levels with and without the lead shielding at vari-
ous distances were compared using Eq. 2, considering the 
percentage dose difference [22]. Moreover, all results at 
different chest X-ray positions, distances, and directions 
were analyzed using the independent Student’s paired t 
test. Statistical significance was defined by a p value < 0.05 
(deemed to be significant at a 95% confidence interval) 
[23].

where DW and DWO are the scatter radiation doses measured 
using the nGy unit at any distance with and without lead 
shielding, respectively.
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Fig. 1  3D graphic of detector position and experimental setup

Fig. 2  Setup of the scatter 
radiation measurement a with 
and b without 0.5-mm Pb apron 
shielding at 100–200 cm from 
the phantom
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3  Results

Clinical exposure parameters of portable chest X-rays col-
lected from 4,600 patients suspected of or diagnosed with 
COVID-19 were obtained from the hospital in four positions 
(Fig. 4): PA upright (n = 2622), AP semi upright (n = 1104), 
AP supine (n = 644), and prone (n = 230). A typical parameter 
was obtained at 90 kVp, 5 mAs, and a source-to-image dis-
tance (SID) equal to 180 cm with a field size of 14 × 17 inches 

for average-sized patients. The average indoor background 
radiation dose in the X-ray room was 0.07 μGy/h as shown on 
the GM counter. Table 1 and Fig. 5 report the scatter radiation 
dose measured at 100–200 cm when a 0.5-mm lead shield-
ing was inserted and removed between the radiation source 
and the dosimeter. When shielding was present, the scatter 
radiation dose was only detected at a 100-cm distance for all 
measurements. At a greater distance, no dose was detectable 
due to the very low radiation penetrating the lead shielding. 
In cases without lead shielding, the maximum average dose 
values (1.29 µGy) for chest X-ray examinations were found 
at the nearest distance of 100 cm for the chest AP in the semi 
upright position. It was observed that radiation doses detected 
at 200 cm for the chest prone position was the lowest, cor-
responding to 10.48% of the maximum dose. Dose variation 
depends on the distance from the X-ray machine, with the 
observed doses decreasing as experimental distances increase. 
A comparison of the doses with and without lead shielding 
showed a statistically significant difference at all distances for 
the four positions.

Scatter radiation doses per examination without 0.5-mm 
lead shielding at 100–200 cm from the mid-sternum of the 
PBU-60 phantom at eight different angles are shown in the 
dose color map for AP semi upright, PA upright, AP supine, 
and prone chest X-ray positions in Fig. 6a, b, c, and d, respec-
tively. Considering the scattered radiation dose rate read-
ings around the phantom, the maximum dose was achieved 
at 90° then decreased slightly at different angles and reached 
the minimum value at 270° for the AP semi upright and PA 
upright positions. For the AP supine and prone positions, the 
maximum dose was achieved at the 45˚ and 135° positions, 
respectively, and were approximately the same and reached 
minimum values at 180°.

Furthermore, theoretical inverse square law values were 
calculated to indicate the accuracy and precision of the meas-
urements for all positions. Comparisons of scatter radiation 
doses between the dosimeter-measured and theoretical values 
indicated good correlation with R2, approximately equal to 
0.99, as shown in Fig. 7.

4  Discussion and conclusion

All medical institutions in Thailand have had a large num-
ber of COVID-19 patients, and RTs are responsible for 
performing chest X-rays on those suspected and diagnosed 
with COVID-19. The use of a portable X-ray machine is 
a potential method of acquiring X-ray images. Portable 
chest X-ray radiography is commonly performed in the 
AP semi upright and AP supine positions under normal 
conditions. However, for COVID-19, uncommon position-
ing for portable chest radiography, including PA upright 
and prone, were increasingly observed. Previous studies 

Fig. 3  Schematic indicating the positions where measurements were 
made (circles)

Fig. 4  Distribution of the clinical exposure parameters collected from 
a total of 4600 portable chest X-rays from COVID-19 patients
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have investigated the scattered radiation dose from port-
able chest X-rays only in the AP semi upright and AP 
spine positions [20, 21, 24]. Therefore, information on the 
scattered dose from portable chest X-rays performed in the 
PA upright and prone positions is limited. In addition, dur-
ing the COVID-19 pandemic, the number of patients who 
underwent portable chest X-rays was greatly increased (by 
approximately 10 times); in normal situations, approxi-
mately 140 cases/month with lead shielding have been 
observed whereas the COVID-19 pandemic resulted in 
approximately 1500 cases/month without lead shielding, 
which may have exceeded occupational dose limits. We, 
therefore, decided to investigate scatter radiation doses in 
all four positions for portable chest X-rays to determine the 
efficiency of radiation protection for RTs who remained 
in the room when lead shielding was unavailable or to 
reduce the weight burden, time required, and the number 
of equipment disinfection procedures. In this study, the 
background radiation dose, which was considered negligi-
ble due to the lowest dose rate seen in the experiment, was 
approximately 27 times higher than the background dose. 

The observed scatter radiation dose with a 0.5-mm lead 
shielding thickness could be detected only at 100 cm due 
to a single exposure in the AP semi upright, PA upright, 
AP supine, and prone positions; when the distance was 
increased, the scatter radiation could not be observed due 
to the values being below a minimal limitation range of the 
dosimeter (less than 20 nGy/s) [20]. Therefore, when the 
RT used a lead shield and stayed at a distance greater than 
100 cm during the acquisition of portable chest X-rays, the 
radiation exposure was considered to be extrinsic. In con-
trast, the average dose without lead protection at 100 cm 
was 11 times higher than with lead protection and was 
further minimized by greater distances corresponding to 
the inverse square law theory. As expected, the use of lead 
protection devices reduced the amount of scatter radiation. 
Therefore, without lead protection, the safety of RTs who 
use portable chest X-ray machines cannot be guaranteed. 
However, according to the clinical settings in this study 
modeled using PBU-60 whole body phantom measure-
ments, hospital workers must stay at least 200 cm away 
from the radiation source for lower radiation potential and 
increased safety.

Scattered radiation exposure provided with a verti-
cal beam (AP supine and prone positions) was generally 
lower than that with a horizontal beam (AP semi upright 
and PA upright), consistent with the study conducted by 
Duetting et al. [25]. The results were affected by the X-ray 
tube directionality as the vertical beam X-ray tube faced 
the floor while the horizontal beam faced the opposite wall 
[20]. According to Burrage et al., [26] the maximum scatter 
radiation yield at 1 m from the phantom is 0.05 µSv. This 
differs from the results of the present study, which recorded 
a maximum radiation of approximately 1.29 µSv. Slight dif-
ferences with respect to previous studies are also attributable 
to the superior exposure techniques of this study (90 kVp, 
5 mAs), which is different from the Burrage et al. study 
(60 kVp, 3.2 mAs). In terms of other differences, Burrage 
et al. used a newborn phantom while the present study used 
an adult whole body phantom that produced more patient 
scattering. Additionally, the increase in kVp may be due to 
a transition from the photoelectric effect to the Compton 

Table 1  Scattered radiation 
dose at different distances from 
the phantom, with and without 
lead shielding, measured at 
different chest X-ray positions

Distance
(cm)

Scattered radiation dose (µGy)

AP semi upright PA upright AP supine Prone

With Pb Without Pb With Pb Without Pb With Pb Without Pb With Pb Without Pb

100 0.12 1.29 0.15 1.06 0.11 0.85 0.10 0.90
125 – 0.85 – 0.73 – 0.47 – 0.51
150 – 0.62 – 0.47 – 0.34 – 0.34
175 – 0.42 – 0.34 – 0.25 – 0.25
200 – 0.27 – 0.30 – 0.19 – 0.14

Fig. 5  Comparison of the scattered radiation doses (nGy) at different 
distances (cm) for four chest X-ray positions
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scattering interaction, which led to increased scatter radia-
tion doses, consistent with the findings of Antonio et al. [21]. 
Renger et al. [24] reported that scatter radiation changed in 
direct proportion to voltages (high kV produces high scat-
ter). For angular scatter radiation measurements, our study 
demonstrated a non-uniform distribution in eight dimensions 
with the maximum value of the horizontal beam set at 90°, 
which probably arose from the primary radiation source fac-
ing directly toward the 90° position and the opposite site at 
270°, resulting in the detection of minimum scatter radiation. 
Thus, it is important to note that RTs should avoid standing 
at direct radiation intensity positions as also suggested in 
the Lee et al. study, which measured scatter radiation doses 
from C-arm fluoroscopy. In addition, inhomogeneous doses 
at different directions were probably caused by the irregular 

geometry of the phantom. A study by Trinh et al. [27] found 
that the maximum scatter dose occurred at 135° for hori-
zontal beam measurements. Longo et al. [28] measured the 
scatter dose for vertical beams at 0°, 45°, 90°, 135°, 180°, 
225°, 270°, and 315°, and the authors obtained the greatest 
value at 0° and lowest value at 180°. Our results agree with 
the previous study for the lowest value of the vertical beam. 
However, the maximum values for the vertical and horizon-
tal beams in the present study were at 45° and 90°, respec-
tively, which differs from the conclusions of Trinh et al. and 
Longo et al., both of whom reported differing results caused 
by other factors, including the use of a different phantom, the 
measurement setup, heel effect phenomena, angular evalu-
ation, and machine geometry. Assuming 250 working days 
per year (5 days per week and 50 weeks per year) and 50 

Fig. 6  The scatter radiation dose distribution (90 kVp, 5 mAs) at distances 100–200 cm around the X-ray portable machine without lead shield-
ing in the a AP semi upright, b PA upright, c AP supine, and d prone positions
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portable chest X-rays per day, standing at 100 cm and 90°, 
the maximum RT exposure dose when wearing lead pro-
tection would be 1.82 mSv/year and 16.07 mSv/year when 
not wearing lead protection. Both these values are below 
the annual occupational dose limit, which must not exceed 
20 mSv/ year. However, when the distance was increased to 
200 cm without lead protection, the annual radiation expo-
sure decreases to 1.68 mSv/year, which is a significant drop, 
and is close to the dose seen when wearing lead protection.

Finally, this study has some limitations. All experiments 
were conducted using only one portable X-ray machine 
and one radiation dosimeter. Additionally, scatter radiation 
doses are affected by anatomy and body size. The present 
work used a standard size PBU-60 whole body phantom 
to represent the patient, but the resulting scatter dose may 
be underestimated for a larger patient [29]. Moreover, the 
farthest distance for measurements was only 200 cm, and 
this was still unable to reach a similar scatter dose under 
the lead shielding condition. Instead of measurements, we 

extrapolated the scatter dose for the condition without lead 
shielding via the inverse square law, which produced the 
closest value to lead shielding, and was found at distances 
of 330, 270, 285, and 305 cm for chest X-rays in the AP 
semi upright, PA upright, AP supine, and prone positions, 
respectively.

In summary, radiation protection is necessary for portable 
X-ray examinations to diminish the quantities of radiation 
exposure. Exposure levels when wearing lead protection 
were indicated only at a distance of 100 cm and the dose at 
increased distances was negligible, resulting in greater radia-
tion protection to RTs performing examinations. Quantita-
tive information on radiation exposure levels due to scatter 
radiation for RTs acquiring chest X-rays in the AP supine 
and prone positions (vertical beam) delivered a 30% lower 
scatter radiation dose than in the AP semi upright and PA 
upright positions (horizontal beam). Based on these results 
and the inverse square law theory, we suggest that hospi-
tal workers should stay more than 100 cm away from the 

Fig. 7  The correlation of scatter radiation dose between the dosimeter-measured values (squares) and the calculated values using the inverse 
square law (circles) in the a AP semi upright, b PA upright, c AP supine, and d prone positions
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exposure field or as far away as possible when using port-
able X-ray machines to minimize radiation doses. During the 
COVID-19 pandemic, RTs were not required to wear lead 
shielding if they stayed at distances of 200 cm or greater, 
which resulted in similar scatter radiation dose values com-
pared to the use of lead shielding. More importantly, dosi-
metric outcome data also provide information on scatter 
radiation dose distributions in clinical settings, which sug-
gests that workers should avoid being at primary radiation 
directions and should stay at the opposite site of the primary 
beam, which would result in the lowest dose of all direc-
tions around the patient. In addition, our results showed that 
the doses RTs received from portable chest X-rays did not 
reach occupational dose limits recommended by the ICRP, 
assuming 12,500 chest X-ray portable examinations per year. 
Finally, these results may be useful for multi-disciplinary 
staff who are involved in portable X-ray examinations.
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