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ABSTRACT

Background: Radiation exposure is the main hazard in medical X-ray investigations. The aim of this study was to evaluate the
radiation dose received in chest x-rays for trauma patients in the Majmaah area. The results were compared with other national and
international findings. Furthermore, the reference radiation dose level was measured for different examinations by conventional
x-rays. Thus, conventional X-ray examination of trauma patients was investigated.

Materials and Methods: Seven hundred patients were evaluated at King Khalid Hospital, Majmaah. The average and range of
exposure parameters were 73.5 + 9.1 (65.9-124.9) and 2.7 + 0.71 (0.2-9.6) for X-ray tube potential (kVp) and current multiplied
by the exposure time (s) (mAs), respectively.

Results: The entrance surface air kerma dose measured for chest (PA), skull (AP and LAT), lumbosacral (AP and LAT), and knee
Joint (AP and LAT) were 0.20+0.07 with a range of 0.13-0.37, 0.86 + 0.01 with a range of 0.09-2.92 and 0.09 # 0.02 with a range
of 0.04-0.17, 0.10 + 0.02 with a range of (0.04-0.17 and 0.1 # 0.02 with a range of 0.03-0.16, and 0.86 + 0.01 with a range of
0.09-2.92, respectively. The measured doses 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 patients, respectively.

Conclusion: It was concluded that 90% of the procedures had normal findings. However, a precise justification is required,
especially for young patients. For dose measurement techniques, the machine- and patient-related factors must be fixed in order
to obtain accurate results.
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INTRODUCTION

Trauma is an injury that can be life threatening
and cause psychological and physical impacts.
Recently, in Saudi Arabia, the number of traffic
accidents and their effects has increased
significantly. There is no clear protocol to
describe radiation exposure of patients during

which may increase the possibility of cancer
incidence, especially among a population with
high exposure [1-3]. Trauma X-ray imaging is
one of the most common diagnostic tools used to
analyze and identify pathological conditions [4-
5]. However, it results in a significant radiation
dose to patients. Because the applications of
traumaradiology are growing quickly, it is crucial
to appraise the radiation dosages during the
examination and try to reduce them as much as
possible [6-8]. Demographic data and exposure
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measurementsare needed forall patients whoare
admitted to the radiology department. Radiation
exposure is a main hazard in medical X-ray
investigations [9]. Those exposures result from
improper use of equipment and high exposure
factors. The existence of diverse dose standards
for exposure for the same medical investigation
is a sufficient reason to draw attenuation to
this matter. Radiation exposure can result in
severe injuries and, possibly, cancer. Radiation
medical imaging is used commonly for trauma
assessment [10-12]. Imaging examinations
help in the appropriate analysis of numerous
disorders. They provide quick and precise
analysis for the emergency physicians for the
judgment of the serious afflictions in patients,
particularly in some patients whose injuries are
difficult to diagnose [13-14].

There are many hazards associated with
radiation exposure, which include the acute
(radiation injury) and chronic exposure (cancer)
effects. The acute effects include organ injuries
that can possibly lead to death at a high dosage
[15-16]. Most radiographically investigations do
not cause acute injuries to the patients because of
their low energy (less than 10 mGy). The chronic
effects of radiation include the danger of cancer
and genetic disorders [17-19]. Measurements
of the radiation doses from trauma radiological
examinations have been conducted globally
[20]. Most fast-changing innovations have been
paired with digital radiography (DR) units. Many
DR devices now use thin-film transistor (TFT)
sets, which are commonly known as “flat panel
arrays.” Charge-coupled device (CCD)-based
systems make possible X-ray chest scans, with
slot-shaped sensors, a single CCD, and CCD tiles
with wide field-to-light transductors. Systems
based on CCDs are usable [21-23]. TFT arrays
are made of a single matrix with the same
transistor for every. The transistors are used as
doors so that when they are activated, electric
current flows through them. When the X-ray
is released, the gates are disabled, the picture
forms as an electric current, and the load on each
X-ray corresponds to the number of ray photons
obtained in the region of the detectors (a linear
connection again) [24-25]. The mechanism
by which radiation is converted into retained
energy varies greatly among organizations,
but it is common to define whether radiation is
indirectly transformed into observable light. A

ray-to-light system, which in an indirect system,
is in contact with the TFT, and it is close to that
used in the SF scanning process [26-28]. Each
TFT set includes a sensor (photodiode) that is
used to convert florescent light into an electric
charge. The TFT array comprises 23 layers of
material directly within a single system. The
X-ray photon is absorbed, and the electrical
charge is generated and stored in the TFT table
[29]. For direct and indirect panel detectors, the
TFT array gate is switched on one row at a time
after ray illumination. The load deposited in each
x-rays of the row is transferred through drainage
lines to a row of load amplifiers at the edge of the
screen. Flipping all rows and storing data in the
digital image matrix at the respective locations
causes the entire detector to read sequentially
[30-35].

DR's key constraints are high initial costs,
lack of interaction between radiologists and
technologists with electronic-image displays,
and lack of consistent technology input on how
to optimize acquisition software (instead of
batch mode reading) [36-37]. The latter issue
has helped to improve patient access with a
wider range of digital systems. DR benefits
include photo processing insulation features
such as rate change (same for light) and window
length (similar to contrast) for gray-scale object
appearance in collection, display, and archiving,
all of which provide considerable versatility.
Nonetheless, as signal contrast increases, screen
contrast is constrained by the underlying signal-
to-noise ratio [38-42]. Some of the strengths
include medical diagnosis and disease-based
algorithms, better X-ray detection and enhanced
quantum detective performance (QD), lower
patient doses, and ability to assist the radiologist
by using a second computer reader [43-45].
Film-based imaging provides technologists
and radiologists with immediate feedback on
providing sufficient access to patients [46-47].
If the optical densities of the image are too
high, the patient receives too much radiation,
whereas lower optical densities indicate that
the radiation doses are less than the correct
value. When digital image receivers bypass SF
object receptors, regardless of the frequency
used during processing, the illumination and the
contrast are shown on the display [48-49]. Object
noise often varies with exposure. Radiologists
respond to excessive noise in digital images (low
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patient exposure), but they seldom complain
of excessive patient exposure to photographs
with reduced noise. Technologists immediately
understand it by gradually increasing patient
doses by downward switch in X-rays. This relates
to the likelihood of dose creep in computed
radiography (CR) and DR [50-54]. The medical
physicist and imagery specialist must track dose
creep on a daily, continuous basis as a chronic
phenomenon. One efficient way of removing drug
leakage is to build acceptable X-ray diagrams
for all patient-size studies [55-56]. When such
criteria are included in state-of-the-art X-ray
device anatomical software, the equipment
selects the options of radiological monitoring and
patient volume, and it guarantees 27 standard
X-ray procedure variables and normal radiation
exposure, regardless of whether the study is
conducted with an object detector on the switch
[57-58]. Currently, most CR manufacturers
offer photos shown on the workstation with
exposure indicators. However, the data may
not be passed to the picture archiving and
communication system (PACS) or hidden on the
patient's digital imaging and communications
in medicine data page. Most PACSs display
the exposure indicator on an image. Detailed
numerical exposure measurements used by
various CR manufacturers are no easy task. To
make matters worse, most DR companies do not
give an exposure indication to their processed
images or forward this information to the PACS
so it can be retrieved [59-63]. The American
Association of Physicists in Medicine organized a
“Task Group 116” toresolve the lack of a standard
criterion for digital radiography images. Their
study, "Recommended Electronic Radiography
Exposure Indicator," recommends defining
relative exposure indicators to standardize
radiation conditions [64-66]. Because leading
manufacturers participated in the electronic
radiographic image receiver task group, this
standardized exposure measure should move to
future products [67,68].

MATERIALS AND METHODS

Sample and definition research

A survey of 700 patients at King Khalid
Hospital, Majmaah, Saudi Arabia's radiological
department, was carried out from October 2018
to June 2019. The institutional review board

(IRB) of King Abdelaziz City for Science and
Technology (KACST) and Ministry of Health,
Saudi Arabia, have endorsed all data gathering
techniques used for the study.

Specification of radiography system
The Siemens AXIOM imaging system (Germany

2014, model AlIOIC) with pipe filtration 2.0-3.0
mm AL/70 kVp, was used.

Dose measurement technique

Entrance surface air kerma (ESAK) (mGy) was
assessed for evaluating the X-ray scans of the
head, skull, lumbosacral joint, and knee joint.
This dose was used to measure ionizing radiation
for trauma radiology patients nationally and
internationally, consistent with previous studies.
Data were analyzed using version 22 of the SPSS
software, and results were obtained as graphs
and tables. Thermo luminescent dosimeters
(TLDs) were additionally used for dosage
evaluation in this study. They were equipped
with separate electrodes (LIF: MG and Cu) and
ranged between 0.001 rad and 100 Gy.

Statistical analysis

All data from this study are shown as mean plus
standard range variability. Analysis of variance
and t-tests were used for statistical analysis
using SPSS under Windows.

RESULTS

Table 1 shows mean, median, minimum, and
maximum values of the patients' weight, height,
and body mass index (BMI) for both genders in
this study. Table 2 shows the mean age of the
patients for both genders in this study and the
exposure factors logged for each patient during
the examination of each projection. The exposure
factors logged were projection, kVp, mA, time,
field size, part under examination, and tube-to-
film distance. This study involved 700 patients
(80% of the patients were males and 20% were
females) undergoing chest, skull, lumbosacral,
andkneejointX-ray examinationsintheradiology
departments at King Khalid Hospital in Majmaah.
Table 3 shows the measured doses in patients at
the King Khalid Hospital, Majmaah, and at other
national and international hospitals. The doses
were compared to national and international
radiation dose limits. The measured ESAK for
chest (PA), skull (anteroposterior (AP) and
lateral (LAT)), lumbosacral joint (AP and LAT),
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Table 1: Patient demographic features.

Parameters Age Weight BMI Height
(years) (Kg) (em)
Mean 37 79.5 25 171.5
Median 37.1 78.7 23.1 170.9
Standard deviation 13.3 8.91 9.2 11.5
Minimum 19 72 19.5 165
Maximum 15 115 32 192
Patients (Male: n=560, 80.0%; Female: n=140, 20.0%); Age: 37.1 + 13.3 years with range of 18-63 years.
Table 2: Patient X-ray image acquisition features.
Chest Skull Lumbosacral Knee joint
Parameters
PA AP Lateral AP Lateral AP Lateral
Tube voltage (kVp) 124.8+0.14 124.5 124.9 75.8+7.8 83.8+7.2 56.9+5.1 55.7+3.2
Tube current 1.6+0.79 1 22 225%39 24141 4911 49+1.06
(mAs)
Tube-to-patient 57,116 - - 113+ 4.14 1142452 106.29.9 115+115
distance (cm)
Dose (mGy) 0.20+0.07 0.86+0.01 0.9+0.02 8.27£3.01 10.04+3.43 0.10 £ 0.02 0.1+£0.02

Patients (Male: n = 560, 80.0%; Female: n = 140, 20.0%); Age: 37.1 + 13.3 years in a range of 18-63 years.

Table 3: Mean and standard deviation of radiation dose measured in King Khalid Hospital, Majmaah and national and international hospitals

for chest, skull, lumbosacral joint, and knee joint.

ESD (mGy)
Projection Mean £ S.D. Minimum value (mGy) Maximum value (mGy) p-value

PA chest 0.20 +0.07 0.13 0.37

AP skull 0.86+0.01 0.09 2.92
Lateral skull 0.9+0.02 0.04 0.17

AP lumbosacral 8.27+3.01 0.2 223 0.103

Lateral lumbosacral 10.04 £3.43 2.05 29.21
AP knee 0.10+0.02 0.02 0.17
Lateral knee 0.1+0.02 0.03 0.18

Table 4: Mean values of entrance skin dose (ESD) (mGy) of chest examination for all age groups of the study sample.

ESD (mGy)
Age Group (years)
Present Study KKUH SFH KACST IAEA  USA UK Italy  China Malaysia Brazil Nigeria
Chest (PA) 0.2 0.135 0.22 0.4 0.4 0.25 0.15 0.57 0.34 0.9 0.4 0.45
Skull (AP) 0.86 0.119 - 5 5 2.25 1.8 - - 4.8 2.8 0.77
Skull (LAT) 0.9 - - - 3 - 1.1 - - 2.4 2.04 0.69
L/S (AP) 8.27 0.655 5.23 40 10 6.54 5.7 8.9 5.18 7.5 5.4 0.99
L/S (LAT) 10.04 1.173 8.99 40 30 - 10 26.7 10.53 13.4 11.2 1.43
Knee (AP) 0.1 0.305 0.26 - - - 0.3 - - - - 0.38
Knee (LAT) 0.1 0334 024 - - - 0.3 - - - - 0.69
Table 5: Correlation between the entrance skin dose (ESD) and the body characteristics (p<0.05).

Height (cm) Weight (Kg) BMI kVp mAs

Sig. (2-tailed) 0.126 0.541 0.214 0.017 0.012

Correlation (Pearson) 0.118 0.091 -0.152 0.297 0.652

and knee joint (AP and LAT) were recorded
(Tables 3-5). These amounts were dissimilar
in patients at King Khalid, Majmaah and other
Saudi hospitals (KKUH, KACST, and SFH) and
at international locations such as the UK, China,
Greece, Canada, and Italy and organizations
such as the International Atomic Energy Agency
(IAEA) and the Health Physics Society (HPS). The
measured dose for chest x-rays in this study was

0.20 = 0.07 mGy with a range of 0.13-0.37 mGy,
while the lowest amount was 0.02 mGy at the HPS
and the highestlevel was 0.69 mGy in Greece. The
measured dose for PA projection of skull x-rays
in this study was 0.86 + 0.01 mGy with a range
of 0.09-2.92 mGy, while the lowest dose level
was 0.86 mGy in King Khalid, Majmaah and the
highest level was 5.0 mGy in IAEA. Nevertheless,
the measured dose for lateral projection of skull
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x-rays in this study was 0.09+0.02 mGy with
range of (0.04-0.17 mGy), while the lowest dose
level was 0.69 mGy in Nigeria, and the uppermost
level was 3.00 mGy for the IAEA. The measured
dosage for AP projection of lumbosacral joint
X-ray scans in this study was 8.27 + 3.01 mGy
with a range of 0.20-22.3 mGy. The lowest dose
level was 0.20 mGy in King Khalid, Majmaah,
while the highest level was 40 mGy in KACST.
Nevertheless, the measured dosage for lateral
projection of lumbosacral joint x-rays in this study
was 10.04 * 3.43 mGy with a range of 2.05-29.21
mGy. The lowest dose level was 1.17 in King Khalid
University Hospital (KKUH), while the highest level
was 44 mGy in Greece (Tables 3-5).

The measured dose for AP projection of knee
joint X-ray scans in this study was 0.10 * 0.02
mGy with a range of (0.02-0.17 mGy), which was
the lowest dose level, while the highest level was
0.30 mGy in KKUH. Nevertheless, the measured
dose for lateral projection of knee joint X-ray
scans in this study was 0.1 + 0.02 mGy with a
range of (0.03-0.18 mGy), which was the lowest
dose level. The highest level was 0.33 mGy in
KKUH (Tables 3-5).

DISCUSSION

This experimental study was performed to
measure the dose received by organs in chest
(PA), skull (AP and LAT), lumbosacral joint
(AP and LAT), cervical (AP and LAT), and knee
joint (AP and LAT) X-ray examination. A total of
700 patients were examined in two radiology
departments in King Khalid, Majmaah hospital.
The results of this study were compared with
those obtained by other scientific studies
nationally (Saudi Arabia) and internationally.
The former studies showed different results in
the dose received by patients [1,2,9,16,17]. There
were many factors that might affect the results of
the dose measurement, such as patient-related
factors (BMI), technical factors (projection,
techniques, and exposure factor selection) and
machine factors (machine and TLD calibration
and service). The dose increased with BMI, which
agreed with the results obtained by [25,36].
This study highlights the importance of the
quality control program in checking the machine
performance and reduction of radiation dosage
to both patients and healthcare staff. Recent
studies showed that there were large amounts

of radiation exposure in diagnostic radiology
because of its wide utilization, especially in
emergency departments [28,30-33]. This study
recommends selecting the mean radiation dose
of chest, skull, cervical spine, and knee joints
as guidelines for radiation examination in the
Majmaah area hospitals, because they were
compared with other studies the least. Therefore,
the calculated dose of the chest x-rays was 0.20
+ 0.07 mGy with a range 0.13-0.37 mGy. The
calculated radiation dose for skullwas 0.86 + 0.01
and 0.09 = 0.02 mGy for AP and LAT projections,
respectively. The calculated radiation dose for
the lumbosacral joint was 8.27 + 3.01 and 10.04
* 3.43 mGy with a range 0.20-29.21 mGy for AP
and LAT projections, respectively. The calculated
radiation dose for the knee joint was 0.10 * 0.02
and 0.1 # 0.02 mGy with a range 0.02-0.18 mGy
for AP and LAT projections, respectively.

The lowest dose for chest X-ray level was 0.02
mGy for the HPS, while the uppermost level was
0.69 mGy in Greece. The lowest dose of AP skull
X-ray level was for the HPS, while the highestlevel
was in Greece. Nevertheless, the measured dose
for lateral projection of lateral skull x-rays in this
study was the lowest dose level, while the highest
level was in Greece. The lowest dose level for AP
projection of lumbosacral joint x-rays was in King
Khalid, Majmaah, while the highest level was 40
mGy in KACST. Nevertheless, the measured dose
for lateral projection of lumbosacral joint x-rays
was the lowest in KKUH, while the highest level
was 44 mQGy in Greece.

CONCLUSION

Finally, in this study, it was found that
radiation amounts for chest (PA), skull (AP,
LAT), lumbosacral joint (AP, LAT), cervical
(AP, LAT), and knee joint (AP, LAT) for the
entire examination were higher. The ESDs
for conventional radiology were lower in AP
than those for lateral projection and LA/LS,
respectively. Unlike in previous studies, the dose
in L/S radiography was higher in conventional
radiography compared with other techniques.
Recently, DR and CR have become more popular
because the important advantages of digital
imaging are cost effectiveness and ease of access.
Therefore, the importance of dose optimization
during conventional radiology imaging must be
considered. This study concluded that the doses
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forchest,skull,cervical,andkneejointswerelower
than in other comparable studies nationwide
and globally. The dose in L/S radiography was
higher in conventional radiography compared
with other techniques. Recently, the utilization
of an automatic exposure calculator has become
more useful and reduced the dose to patients.
CR is becoming more popular because of its
value, access, and good dose changes. This study
should help investigators discover the critical
parts of radiation protection in trauma radiology
departments that many investigators have not
been able to explore.

ACKNOWLEDGMENT

The author thanks the Deanship of Scientific
Research at Majmaah University for funding this
research [Project No. 38/147].

CONFLICT OF INTEREST

No potential conflict of interest relevant to this
article is reported.

ETHICAL APPROVAL

The Institutional Ethics Committees of KACST
and KSA with registration number H-01-R-012,
OHRP/NIH, USA with registration number
IRB00010471, and Federal Wide Assurance NIH,
USA with registration number FWA00018774
approved the study. The ethical committee of
the Deanship of Scientific Research at Majmaah
University also approved this research with
registration number MUREC-Nov.21/COM-201
8/9.

REFERENCES

1. Abdallah YM, Hemair MM, Algaddal AS. Valuation of
radiation dose in lumbosacral examination. Int ] Sci Res
2015; 4:2322-2424.

2. Abdallah YM, Salih AM. Appraisal of radiation dose
received in abdominal computed tomography patients.
Int] Sci Res 2015; 4:2383-2385.

3. Abdallah YM, Alamoudi A, Elgak S. Appraisal of
mean glandular dose (MGD) during mammography
examinations. Int ] Sci Res 2017; 4:49-51.

4. Abdallah YM, Orsid WF. Calculation of radiation dose
received in cervical vertebrae (C/S) examination. Int ]
Scie Res 2016; 5:102-1003.

5. Bushberg]T, Seibert]A, Leidholdt EM, etal. The essential
physics of medical imaging. 2" Edn Lippincott William
and Wilkins, Philadelphia. USA. 2003.

10.

11.

12.

13.

14.

15

16.

17.

18.

19.

20.

Dowd BS, Tilson ER. Practical radiation protection and
applied radiobiology. 2™ Edn Pennsylvania: Sunders
Company 1999; 122-132.

Edward ]C, Fawzy E, Kaczynski ], et al. A comparative
study of radiation dose and screening time between
mini C-arm and standard fluoroscopy in elective foot
and ankle surgery. Foot Ankle Surg 2010; 17:105-144.

Compagnone G, Baleni MC, Pagan L, et al. Comparison
of radiation doses to patients undergoing standard
radiographic examinations with conventional screen-
film radiography, computed radiography and direct
digital radiography. Br ] Radiol 2006; 79:899-904.

Abdallah YM, Hayder A. Assessment of mean glandular
dose (MGD) received in mammography examination in
Khartoum. Int ] Adv Res 2016; 4:1.

Abdallah, YM, Mohamoud NA. Estimation of radiation
dose received in knee joint X-ray examination. Int ]
Health Rehab Sci 2015; 4:3.

Hart D, Hillier MC, Wall BF. Dose to patients from
medical X-ray/examinations in the UK-1995 review,
NRPB-R289, London: HMSO. Henner Anja, Radiographer
students learning dose management of the patients.
Proceedings of third European IRPA congress. 2010;
14-18.

Henshaw PS, Hawkins JW. Incidence of leukemia in
physicians. ] Natl Cancer Inst Helsinki 2010; 4:339-346.

Herrmann KA, Bonél H, Stabler A, et al. Chest imaging
with flat-panel detector at low and standard doses:
Comparison with storage phosphor technology in
normal patients. Eur Radiology 2002; 2:385-390.

Jones DG, Stoddart ]. Radiation use in the orthopaedic
theater: A prospective audit. Australian New Zealand ]
Surg 1998; 68:782-784.

. Abu K, Loogane M, Rana M, et al. A quantitative analysis

of ionising radiation exposure to the hands, thyroid and
whole body of orthopaedic registrars at king edward
viii hospital during fluoroscopic internal fixation of the
lower limbs. J Al Agsa Unv 2006; 10:1-203.

Abdelhalim M. The formulation of local diagnostic
reference levels for several diagnostic X-ray
examinations at Security Forces hospital in Riyadh (A
survey for the doses received by patients undergoing
diagnostic X-ray at security forces hospital in Riyadh
and identifying the factors required for lowering the
patient doses). ] Am Sci 2013; 9:36-43.

Abdelhalim M, ALdarwish R, Al-Ayed M. Assessment of
patient doses levels during X-ray diagnostic imaging
using tl dosimeters and comparison with local and
international levels. Trends Med Res 2008; 3:72-81.

Vafio E, Miller DL, Martin CJ, et al. ICRP, Diagnostic
reference levels in medical imaging. ICRP Publication
Ann 2017; 135:46:1.

http://www.icrp.org/publication.asp?id=ICRP%20
Publication%20113

http://www.icrp.org/publication.asp?id=ICRP%20
Publication%2085

Journal of Research in Medical and Dental Science | Vol. 8 | Issue 1 | January 2020

117



Yousif Mohamed Y Abdallah et al

J Res Med Dent Sci, 2020, 8 (1):112-119

21.

22.
23.
24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Papadimitriou D, Perris A, Molfetas MG, et al. Patient
dose, image quality and radiographic techniques for
common X-ray examinations in two Greek hospitals
and comparison with European guidelines. Radiat Port
Dosimetry 2001; 95:43-48.

https://www.aapm.org/pubs/reports/RPT_111.pdf
https://www.aapm.org/pubs/reports/RPT_204.pdf.

Descamps C, Gonzalez M, Garrigo E, et al. Measurements
of the dose delivered during CT exams using AAPM
task group report No. 111. ] Appl Clin Med Phys 2012;
13:3934.

Inkoom S, Schandorf C, Boadu M, et al. Adult medical
X-ray dose assessments for computed tomography
procedures in Ghana: A review paper. ] Agricul Sci
Technol 2014;19:1-9.

https://www.unscear.org/docs/
reports/2013/13-85418_Report_2013_Annex_A.pdf

Nemtoi A, Czink C, Haba D, et al. Cone beam CT: A
current overview of devices. Dentomaxillofac Radiol
2013;42:20120443.

Pauwels R, Araki K, Siewerdsen ]JH, et al. Technical
aspects of dental CBCT: State of the art. Dentomaxillofac
Radiol 2015; 44: 20140224.

Kalender WA. Dose in X-ray computed tomography.
Phys Med Biol 2014; 59:129-150.

Tian X, Li X, Segars WP, et al. Pediatric chest and
abdominopelvic CT: Organ dose estimation based on 42
patient models. Radiology 2014; 270:535-547.

Al-Abdulsalam A, Brindhaban A. Occupational
radiation exposure among the staff of departments of
nuclear medicine and diagnostic radiology in Kuwait,
department of radiologic sciences, Kuwait university.
Med Princ Pract 2014; 23:129-133.

Lukasiewicz A, Bhargavan-Chatfield M, Coombs L.
Radiation dose index of renal colic protocol CT studies
in the United States: A report from the American college
of radiology national radiology data registry. Radiology
2014; 271:445-451.

Parakh A, Euler A, Szucs-Farkas Z, et al. Transatlantic
comparison of CT radiation doses in the era of radiation
dose-tracking software. Am ] Roentgenol 2017;
209:1302-1307.

https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/
file/342780/HPA-CRCE-034_Doses_to_patients_
from_radiographic_and_fluoroscopic_x_ray_imaging_
procedures_2010.pdf

https://www.iaea.org/resources/rpop/health-
professionals/nuclear-medicine/diagnostic-nuclear-
medicine/diagnostic-reference-levels-in-medical-
imaging

Freitas MB, Yoshimura EM, Diagnostic reference levels

for the most frequent radiological examinations carried
out in Brazil. Rev Panam Salud Publica 2009; 25:95-104.

Hayda RA, Hsu RY, De Passe JM. Radiation exposure and
health risks for orthopaedic surgeons. ] Am Acad Orthop
Surg 2018; 26:268-277.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Stahl CM, Meisinger QC, Andre MP, et al. Radiation risk
to the fluoroscopy operator and staff. Am ] Roentgenol
2016; 207:737-744.

Wang ML, Hoffler CE, Ilyas AM, et al. Fluoroscopic
exposure with use of mini-c-arm during routine hand
surgery: A prospective comparison of hand versus eye
radiation dosage. ] Surg Orthop Adv 2017; 26:102-105.

Vosbikian MM, Ilyas AM, Watson DD, et al. Radiation
exposure to hand surgeons hands: A practical
comparison of large and mini-c-arm fluoroscopy. ] Hand
Surg 2014; 39:1805-1809.

. Fuller CB, Wongworawat MD, Riedel BB. Radiation

exposure and hand dominance using mini-c-arm
fluoroscopy in hand surgery. Hand 2016; 11:188-191.

Van Rappard JRM, de Jong T, Hummel WA. Radiation
exposure to surgeon and assistant during flat panel
mini-c-arm fluoroscopy in hand and wrist surgical
procedures. ] Hand Surg 2019; 44:68-86.

Kesavachandran CN, Haamann F, Nienhaus A. Radiation
exposure of eyes, thyroid gland and hands in orthopaedic
staff: A systematic review. Eur | Med Res 2012; 17:28.

Joseph, Christian DZ, Chukwuemeka N, et al
Establishment of local diagnostic reference levels
(DRLS) for radiography examinations in North Eastern
Nigeria. Sci World ] 2017; 12:51-57.

Abdelhalim M. Patient dose levels for seven different
radiographic examination types. Saudi ] Bio Sci 2010;
17:115-118.

Giczi F, Pellet S, McLean ID, et al. Testing of the
implementation of the code of practice on dosimetry
in X-ray diagnostic radiology. Hungarian Contribution
2008; 42:41-46.

Morales ], Jaramillo W, Puerta ], et al. A comparison of
age-dependent entrance skin doses in pediatric chest
exams with diagnostic reference levels for the Antioquia
region of Colombia. Radioprotection 2012; 47: 575-582.

Aroua A, Bize R, Buchillier D], et al. X-ray imaging of the
chest in Switzerland in 1998: A nationwide survey. Eur
Radiol 2003; 13:1250-1259.

Lehnert T, Naguib NN, Korkusuz H, et al. Image-quality
perception as a function of dose in digital radiography.
Am ] Roentgenol 2011; 197:1399-1403.

Korner M, Weber CH, Wirth S, et al. Advances in digital
radiography: Physical principles and system Overview
1. Radiographics 2007; 27:675-686.

Paydar R, Takavar A, Kardan M, et al. Patient effective
dose evaluation for chest X-ray examination in three
digital radiography centers. Iran ] Radiat Res 2012;
10:139-143.

Schaefer-Prokop C, Neitzel U, Venema HW, et al. Digital
chest radiography: an update on modern technology,
dose containment and control of image quality. Eur
Radiol 2008; 18:1818-1830.

Sulieman A, Vlychou M, Tsougos I, et al. Radiation doses
to paediatric patients and comforters undergoing chest
X rays. Radiat Prot Dosim 2011; 147:171-175.

Journal of Research in Medical and Dental Science | Vol. 8 | Issue 1 | January 2020

118



Yousif Mohamed Y Abdallah et al

J Res Med Dent Sci, 2020, 8 (1):112-119

54.

55.

56.

57.

58.

59.

60.

Suliman II, Elshiekh EH. Radiation doses from some
common paediatric X-ray examinations in Sudan. Radiat
Prot Dosim 2008; 132:64-72.

Alatts NO, Abukhiar AA. Radiation doses from chest
X-ray examinations for pediatrics in some hospitals of
Khartoum State. Sudan Med Monit 2013; 8:186.

Nyathi T, Nethwadzi LC, Mabhengu T, et al. Patient dose
audit for patients undergoing six common radiography
examinations: potential dose reference levels: peer
reviewed original article. Suid-Afrikaanse radiograaf
2009; 47:9-13.

Johnston DA, Brennan PC. Reference dose levels
for patients undergoing common diagnostic X-ray
examinations in Irish hospitals. Br ] Radiol 2000;
73:396-402.

Inal T, Ata¢c G. Dose audit for patients undergoing
two common radiography examinations with digital
radiology systems. Diagn Interv Radiol 2014; 20:100.

Bouaoun A, Ben-Omrane L, Hammou A. Radiation
doses and risks to neonates undergoing radiographic
examinations in intensive care units in Tunisia. Cancer
Ther Oncol Int ] 2015; 3:342-347.

Hosseini Nasab SM, Shabestani-Monfared A, Deevband
MR, et al. Estimation of cardiac CT angiography
radiation dose toward the establishment of national
diagnostic reference level for CCTA in Iran. Radiat Prot
Dosim 2017; 174:551-557.

61.

62.

63.

64.

65.

66.

67.

68.

Rasuli B, Mahmoud-Pashazadeh A, Ghorbani M, et
al. Patient dose measurement in common medical X-
ray examinations in Iran. ] Appl Clin Med Phys. 2016;
17:374-386.

Najafi M, Deevband MR, Ahmadi M, et al. Establishment
of diagnostic reference levels for common multi-
detector computed tomography examinations in Iran.
Australas Phys Eng S Med 2015; 38:603-609.

Khosravi HR, Gholamalizadeh Z, Zadeh MH, et
al. SU-E-I-79: Patient Doses Reduction in Simple
Radiographic Examinations in Busy Radiology
Departments. Med Phys 2011; 38:3414.

Zoetelief ], Dance DR, Drexler G, et al. Patient dosimetry
for X rays used in medical imaging. ] ICRU 2005; 5:1-13.

Khoshdel-Navi D, Shabestani-Monfared A, Deevband
MR, et al. Local-Reference Patient Dose Evaluation
in Conventional Radiography Examinations in
Mazandaran, Iran. ] Biomed Phys Eng 2016; 6:61.

Party IOPSiMDW. National protocol for patient dose
measurements in diagnostic radiology: National
Radiological Protection Board. 1992.

Verdun FR, Aroua A, Trueb PR, et al. Diagnostic and
interventional radiology: a strategy to introduce
reference dose level taking into account the national
practice. Radiat Prot Dosim 2005; 114:188-191.

Lassmann M, Biassoni L, Monsieurs M, et al. The new
EANM paediatric dosage card: additional notes with
respect to F-18. Eur ] Nucl Med Mol Imaging. 2008;
35:1666-1668.

Journal of Research in Medical and Dental Science | Vol. 8 | Issue 1 | January 2020

119



