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Abstract

Background: Chest trauma or chest injury is a kind of injury to chest that leads to life threatening
impact. Radiation imaging is used for trauma assessment, treatment and monitoring.

Objectives: The purpose of this study was to estimate of the radiation dose received in chest x-rays for
traumatic patients in the Majmaah area and matched the results nationally and internationally.
Furthermore, it aims to determine the reference radiation dose for chest x-rays.

Methods: Sample of 160 patients were evaluated at radiology department of King Khaled Hospital-
Majmaah, Saudi Arabia. The average patient age for adults was 34.5 + 12.9 with the range of (18-80)
(years) and for pediatric patients was 7.6 + 2.5 with range of (1-16) years. The average and range of
exposure parameters were 72.8 + 8.3 (81.8-124.9) and 1.5 £ 0.9 (0.3-2.5) for X-ray tube potential (kVp)
and current multiplied by the exposure time(s) (mAs), respectively.

Results: The measured dose for adult patients were (0.20 + 0.07 (0.13-0.37) and 0.24 + 0.1 (0.06-0.74) for
female and male respectively. The measured dose for pediatric patients were (0.20 + 0.07 (0.13-0.37) and
0.18 + 0.03 (0.06-0.23) for female and male respectively.

Conclusion: The study was revealed that 90% of the chest x-rays exposures with normal dose levels.

However, precise justification is required, especially for young patients.
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Introduction

Trauma is an injury that effects and leads life to threatening,
psychological and physical impact. Recently, in Saudi Arabia,
the number of traffic accidents and their effects has increased
significantly [1]. There is no clear protocol to describe
radiation exposure of patients during radiation investigations
[2,3]. The usual radiation exposure varies between 10-100
mGy, which may increase the possibility of cancer incidence
especial among population who high exposed [4-6]. The
traumatic x-rays imaging considers as the commonest
diagnostic tool used to analyze and identify pathological
conditions. It contributes by significant radiation dose amount
to patients. Since the applications of traumatic radiology are
growing quickly, it is the crucial issue to appraise the radiation
dosages during the examination and try to reduce them as
much as possible [7-10]. Radiation exposure is the main hazard
in medical x-rays imaging. Those exposures are results from
improper use of equipment and high exposure factors. The
exposure of diverse dose standards for the same medical
investigation is a sufficient purpose to draw attenuation to this
matter. Radiation exposure can lead to severe injuries and
possible cancerous attending. Radiation medical imaging is
used commonly for trauma assessment [11,12]. Those imaging
examinations are helped in the appropriate analysis of
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numerous disorders. They provide quick and precise analysis
for the emergency GPs for the judgment of the serious
grievances in patients, particularly in some patients that their
injuries are difficult to diagnose them [13]. There are many
hazards associated with the radiation exposure which included
the acute (radiation injury) and chronic exposure effects
(cancer). The acute effects include organs injuries, which can
possibly lead to decease at high dosage. Most of the
radiographical investigations do not cause acute injuries to the
patients due their low energy less than 10 mGy [14]. The
chronic effects of radiation are included the dangerous of
cancer and genetic disorders. The measurement of the radiation
dose from traumatic radiological examinations was conducted
globally [15].

Material and Methods

The examined patients sample consists of 160 patients who
were examined at the radiology department of King Khaled
Hospital, Majmaah, Saudi Arabia. The ethics and review
council approved this research and knowledgeable permission
was attained from all patients before collection the data
[16-21]. IRB of King Abdelaziz City of Science and
Technology (KACST) and Ministry of Health, Saudi Arabia
approved all the methods of data collection that were



performed in this study. All patients were undergone the
procedure due to medically justified clinical conditions.
Patients’ demographic data (age (years) and radiographic
exposure factors), X-ray tube voltage (kVp), product of time
and tube current (mAs), exposure time and X-ray projection
were recorded for all patients. The conventional X-ray
examinations were conducted using a digital system (Siemens)
which equipped with automatic exposure control (AEC). The
Estimated Skin Dose (ESD) was measured for each patient.
This dose was used to quantify the ionizing radiation for the
traumatic patients in radiology department [22]. The measured
dose was compared with different previous studies nationally
and internationally. Data analyzed for regression by using
SPSS software and the results presented in form of graphs and
tables (Table 1).

Table 1. Patient x-rays image acquisition features.

Adult patients (n=110, 68.75%)
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The measured and age group distribution were shown in Table
5.

Table 2. The age distribution for both gender among adult patients in
the study sample.

Age Group (years) Male n (%) Female n (%)
20-29 4 (3.6%) 37 (33.6%)
30-39 2 (1.8%) 25 (22.7%)
40-49 4 (3.6%) 15 (13.6%)
50-59 4 (3.6%) 5 (4.5%)
60-69 4 (3.6%) 0(0.0%)
70-79 0 (0.0%) 5 (4.5%)
80-89 0 (0.0%) 5 (4.5%)

Table 3. The age distribution for both gender among pediatric patients
in the study sample.

Female patients n=25 (22.7%) Mean £ SD Minimum Maximum

Age (years) 37.1+£13.3 18 63 Age Group (years) Number of patients n (%)

Tube voltage (KVp) 1248+014 1245 124.9 0-5 22 (44.0%)

Tube current time product (mAs) 1.6 £0.79 1 22 6-10 9 (18%)

Male patients n=85 (77.3%) 11-15 14 (28%)

Age (years) 33.3%144 18 80 16-17 5 (10%)

Tube voltage (kVp) 117.15%16.5 746 124.9 . )

Table 4. The exposure factors used for chest examination for adults
Tube current time product (mAs) 2.13%1.1 0.8 6.1 patients.
Pediatric patients (n=50, 31.25%)
X-ray Exposure Factors (Mean + SD)
Age (years) 8.60+27 1 16
Age group (years) Female N (%) 25 (22.7%)  Male N (%) 85 (77.3%)
Tube voltage (kVp) 101.72£189 729 124.9
kVps mAs kVps mAs
Tube current time product (mAs) 2.05+0.79 0.3 6.5
20-29 124.8+£0.2 19204 117.8+£16.2 20714
- + + + +
Results 30-39 124604 215%11 121.2+£10.8 2.21%0.83
. . . . . 40-49 124.3+0.6 1.7£065 1222%+103 1.96+0.8

This study involved 160 patients undergoing lumbar spine
radiographic examinations in radiology departments at King 50-59 1249000 1.5%0.25 124.9%0.00 1.78+0.04
Khalid .Hospltal in Majmaah. .Thei patls?nt age groups were 60.69 1247402 2815 B
shown in Table 2. For the pediatric patients, the age groups
were shown in Table 3. For the group of patients, the radiation 70-79 - - 87.35+3.6  2.35%0.60
exposure factors (kVp and mAs) were shown in Table 4 and 80-89 87.02441 245049

Figure 1. The measured dose was ranged between 0-0.79 mGry.

Table 5. The mean values of ESD (mGy) of chest examination for all age groups of the study sample.

ESD (mGy)

Age Group (years)

Present study KKUH SFH KACST IAEA European commission IRISH UK Nigeria Turkey Italy Bushra
0-5 0.018 - - - - 0.05 0.09 - - - 0.12
6-10 0.040 - - - - 0.053 0.15 0.52 - - 0.18
11-15 0.052 - - - - 0.066 - - - - 0.18
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16-17 0.024 0.088 0.1
Adults 0.021 0.135 0.220 04 0.4 0.3 0.16 0.346 0.57
patient can help in improve of the radiation protection
ESD values condition in the radiology department.
0.9
g'j Table 6. The mean values of ESD (mGy) of chest examination for all
0'6 age groups of the study sample.
05 ‘E
043 ESD (mGy)
03 ™ Age Group (years)
0.2 (Mean * SD) Minimum Maximum
0.1
o 0-5 0.018 £ 0.002 0.016 0.019
1379 16 15 14 12 11 10 8 7 6 5 4 3 2
A 6-10 0.040 + 0.002 0.038 0.042
ge (years)
11-15 0.052 + 0.019 0.025 0.078
Figure 1. Disturbation of ESD (mGy) of pediatric patients.
gu f ( v) fp p 16-17 0.024 £ 0.009 0.020 0.037
Discussion Adults 0.194 £ 0.01 0.031 0.786

The average patient age for adults 34.5 + 12.9 with range of
(18-80 years) and for pediatric patients were 7.6 = 2.5 with
range of (1-16) years. A considerable number of patients are
pediatric (Table 3), signifying that they are more at hazard
compared to adult patients, (Table 2). The average patient age
for adults 34.5 + 12.9 with range of (18-80 years) and for
pediatric patients were 7.6 = 2.5 with range of (1-16) years.
The average and range of exposure parameters were 72.8 + 8.3
(81.8-124.9) and 1.5 + 0.9 (0.3-2.5) for X-ray tube potential
(kVp) and current multiplied by the exposure time (s) (mAs),
respectively. The measured dose for adult patients were (0.20 +
0.07 (0.13-0.37) and 0.24 + 0.1 (0.06-0.74) for female and
male respectively. The measured dose for pediatric patients
were (0.20 + 0.07 (0.13-0.37) and 0.18 + 0.03 (0.06-0.23) for
female and male respectively. The mean radiation exposure
factors were low as comparable with other similar scientist
studies nationally and internationally as shown in Tables 6 and
7. The mean ESD (mGy) were shown in Table 5 for pediatric
and adults, respectively. The radiation-induced cancer due to x-
rays exposure was estimated to be 178 x 10°. Table 4 and
Figure 1 present show the correlations between exposure
variables and dose in the chest procedure. For adult chest
examination, the lowermost dosage was 0.135 and 0.16 mGy in
KKUH and UK in 2008 respectively, and the peak dose in the
present study was 0.194 mGy. This dose was low compared
with IAEA, EC KACST, Turkey and Italy levels. However the
average dose level for pediatric projection was lower than
IRISH UK, Nigeria and Bushra studies. The highest dose level
for pediatric were 0.15 mGy and 0.18 mGy in UK and Bushra
studies and the present study was 0.20 mGy. This study was
accomplished to estimate of dose received in chest x-ray
examination. In the emergency department of King Khalid
Hospital-Majmaah the patients’ chest radiography examination
was performed. The measurement of the dose received by the
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Table 7. Shows the exposure factors used for chest examination for
pediatric patients.

X-ray Exposure Factors (Mean * SD)
Age Group (years)

KVps mAs
0-5 89.13+8.5 04+0.1
6-10 107.35+24.8 0.8+0.14
11-15 104.70+281 3.7+13
16-17 124.65+0.35 1.9+0.80
Conclusion

This study concluded that the doses for chest is lower than the
all the similar studies nationally and internationally. Unlike the
previous studies, the dose in chest radiography bin this study
was lower in conventional radiography compared to other
studies. Recently digital and computed radiography are
flattering more popular due to its price, access and good dose
adjustments. The study recommended that the dose
optimization during conventional radiology imaging must be
measured precisely. This study discovered the usage of
automatic exposure controller (AEC) in x-rays machine that
can be beneficial for dose reduction. This study will help the
researchers to uncover the critical areas of diagnostic radiology
dosimetry that many researchers were not able to explore.
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