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Abstract

In this research, radiation doses (ESD) were estimated for patients undergoing some extremity
x-ray examination in Al Hakeem General Hospital. Radiographic exposure factors (e.g. tube
potential (kVp), tube loading (mAs) and distance) that affect the amount of dose were collected
for each patient. The ESD was calculated by applying a given mathematical equation. In this
study, four medical X-ray examinations (arm, wrist, ankel and knee) were considered. The latter
examination was taken in postero-anterior (PA) projection. This study includes 86 patients from
adult (men and women). The resulting data in room 1,2 show that the arm examination range
had its lowest values 0.07, 0.06 mGy and its highest values 0.48, 0.44 mGy, respectively, while
the results of the wrist examination were: the lowest values 0.25, 0.31 mGy and the highest
values 0.94, 1.43 mGy respectively. The lowest values of ESD for the ankle were 0.26 and 0.29
mGy and its highest values were seen to be 0.55 and 0.31 mGy respectively, and the results of
the knee examination showed that its lowest values were 0.25, 0.27 mGy and its highest value
0.98, 1.10 mQGy respectively. The results showed that the ESD for the majority of the X-ray
examinations considered in this study were seen to be higher than those reported in literature.
Similarly, the exposure factors (kVp, and mAs) seen to be even higher than those published

reports.
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1. Introduction

X-rays play an important role in diagnosing many
diseases, with serious implications for patients and
technicians. They represent the largest artificial
source of radiation exposure to the public. When a
patient is exposed to a beam of x-rays, some of the
photons of these rays pass through the patient’s
body without any interaction, and this causes vital
effects to occur(1). These vital effects always result
from excessive exposure to radiation, which in turn
causes damage to organs and living tissues, and this
damage is uneven due to the variation of tissue
sensitivity to different rays. In radiodiagnostic
situation, there is an increasing concern about the
exposure of patients to large amounts of radiation,
and this concern can be seen in the
recommendations of the International Committee for
Radiological Protection (ICRP)(2-4). All of these
studies obligated countries to have the dose given
to the patient examined in each x-ray section. Hence
there is a need to unify the radiation exposure scale
and guidance levels for the various radiological
examinations. Radiation dose levels have been
proposed by the International Atomic Energy
Agency [IAEA] based on British and European
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studies. Also, a number of international organizations
have published several instructions regarding the
amount of dose that should be given to the patient,
and these instructions have recently led by ICRP to
global interest in the amount of dose for patients (5-
7). This dose is known as the entrance surface dose
(ESD) as it is measured at the center of the x-ray
beam and this dose can be estimated by using an
optical free dosimeter (TLD) or by using a ionization
chamber (IC) or by applying some important
mathematical equations in calculating these doses
(20-23). The use of a thermal dosimeter TLD in
measuring the amount of absorbed dose requires
long periods of time and also requires special
equipment that may not be available in most x-ray
departments, and therefore several mathematical
models are proposed that enable the estimation
patient dose easily. The first to propose a
mathematical equation based on a proposed
mathematical model for skin dosimetry is Birtch et al
in 1974 (8).In 1984 Edmond published a simple
equation for skin dosimetry which depends on kVp,
mAs and FSD(9). These mathematical models
depend on a number of variables such as the tube
voltage (kVp), the distance between the tube and the
object (FSD), and the exposure (mAs), which is the
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product of the tube current multiplied by the
exposure time in seconds. On the other hand, the
measurement method is based on the ionization
chamber (IC) (24-27). The latter may not provide a
direct measure of absorbed dose and require
mathematical formulas to convert an IC reading into
an absorbed dose. Because of the limitations
associated with the two methods (IC and TLD),
several mathematical models were used to indicate
the absorbed dose, exposure factors, the distance
between the tube and the body, the filters, and the
cross sectional area. Diagnostic radiography that are
using charts can be difficult and time consuming (10-
12). The main objective of our work is to estimate the
entrance surface dose (ESD) for patients in the
radiology department of the Al Hakeem General
Hospital in Najaf province.

2. Materials and Research Methods

In this research, equation (1) was used to calculate
the radiation doses for patients attending the
diagnostic radiology department. This research was
conducted on 86 patients who access the radiology
unit at Al Hakeem General Hospital, and the patient
samples included mainly adult women and men. The
entrance surface dose (ESD) was estimated using
equation [1] for four the radiological examinations,
namely arm, wrist, ankle and knee. The equation
used in this study was proposed by the two scientists
Tang and Tsa in 1999 (7, 13).
ESD(mGy) = OP [ﬂ]2 mAs [ﬂ]2 BSF ...(1)
80 FSD
Where OP is the tube output per mAs measured at a

distance of 100 cm from the tube focus along the
beam axis at 80 kVp. KV is the peak of the tube
voltage. (kVp) recorded for any given examination
(28-31). Where in many cases the output is measured
at 80 kVp, and therefore this appears in the equation
as a quotient to convert the output into an estimate
of that which would be expected at the operational
kVp. The value of 80 kVp should be substituted with
whatever kVp the actual output is recorded at in any
given instance. mAs are the tube current time
product which is used in any given instant, FSD is the
focus-to-patient entrance surface distance and BSF is
the Backscatter factor which is taken to be 1.35 (14,
15, 32-35).

3. Results and Discussion

The entrance surface dose (ESD) of four
examinations are common in this hospital, was
estimated by using a mathematical equation (1)
containing the main exposure factors. Tables 1 to 8
show the amounts of ESD for each of the
examinations under study. It can be noted that
there is a clear increase in the ESD values when
compared with the corresponding ESD values of
similar examination. The reason can be attributed
to a number of factors that affect the amount of
dose. It could be related the non-compliance of
technicians to adhere to the correct procedures
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followed when conducting a radiological process.
These procedures are represented in the use of
appropriate values for each of the tube voltage
(kVp), current (mA), exposure time (Sec), and the
patient-to-tube distance (FSD). The current of the
tube and exposure time is known as (mAs) and is
called exposure. As these factors are what work to
increase or decrease radiation doses in the case of
radiography. It is known that the voltage of the tube
used for radiological examinations changes with the
change of the type of examination, where the
European Commission (EC) recommends using a
voltage ranging from 100 kVp to 120 kVp for adult
patients. In this study, we found that the voltage
used in the case of the knee (AP) for room No.1
ranged from 50 kVp to 70 kVp with an average of
54.83kVp, while room No.2, it was ranged from 53
kVp to 73 kVp with an average of 56.75kVp. Also, a
voltage was used in the case of examining the ankle
(AP) in room No. 1, ranging from 50 kVp to 54 kVp,
with an average of 52.18 kVp, while room No. 2 had
a range from 55 kVp to 59 kVp, with an average of
55.54 kVp. The third examination was for the case
of the wrist (AP) in room No.1, ranging from 50 kVp
to 58 kVp, with an average of 52.6kVp, while room
No. 2 had a range from 50 kVp to 61 kVp, with an
average of 55.6kVp.The fourth examination
included the condition of the arm (AP) in room No.
1 ranging from 45 kVp to 65 kVp with an average of
52.5 kVp, while room No. 2 had a range from 46
kVp to 70 kVp with an average of 55.4 kVp,
respectively. Whereas, the value of the output was
0.06177mGy/mAs for room No. 1, while the value
of the output was 0.04611mGy/mAs for room No.
2. As for exposure tube current in time (mAs), the
range used in most X-ray examinations ranges from
1.6 mAs to 80 mAs, when comparing the amount of
mAs exposure for knee examination to the position
(AP) used in this study, it was found to be ranged
from 2.4 mA to 13.6 mA. The two chambers are 1,2
with an average amount of 8.48 mA with a previous
study conducted in Saudi Arabia in 2015 for the
same examination, where the average amount of
exposure was 1.6mAs (16) and another study
conducted in India in 2015 was the amount of
exposure 14mAs (17), and it was also noted that the
distance Between the X-ray tube and the patient
(FSD) for the same knee examination ranged from
55 cm to 85 cm with an average of 65.83 cm for two
rooms 1,2 in the same hospital compared to
another study, the mean FSD for the same
examination was 71cm.

This significant change in these factors contributes
greatly to the increase in the ESD for all tests under
this study after comparing them with previous
studies and also after comparing them with the
international reports (NRPB 2000) (18, 19). Table 9
shows the averages of two of the main factors, kVp
and mAs, for all tests, along with the averages of the
ESD values for these tests, compared to a study
conducted in Saudi Arabia (16) and India (17).

256



HIV Nursing 2023; 23(3): 255-260

Evaluation of the entrance surface radiation dose....

No kVp FSD mAs ESD (mGy)

1 50 93 12.6 0.46

2 45 23 2.4 0.07
3 65 113 2.4 0.10

4 55 63 5 0.48

5 47 73 2.4 0.12
6 55 73 3 0.21

7 60 83 2.4 0.16
8 45 63 3.2 0.20
9 48 73 2.6 0.14
10 55 83 5 0.28
Average 52.5 81 4.1 0.22
SD 6.67 15.49 3.16 0.14
MIN 45 63 2.4 0.07
MAX 65 113 12.6 0.48

[_Table (6) shows the exposure factors and the amount of surface dose entering the wrist1(AP) examination. |
No. kVp FSD mAs ESD (mGy)

1 50 95 12.6 0.44

2 58 65 5 0.50

3 53 65 5 0.42

4 50 65 12.6 0.94

5 55 65 12.6 1.13

6 50 75 12 0.67

7 53 75 4 0.25

8 54 75 5 0.33

9 52 65 6 0.48
10 51 65 5 0.37
Average 52.6 71 7.98 0.55
SD 2.59 9.66 3.88 0.28
MIN 50 65 4 0.25
MAX 58 95 12.6 0.94

No kVp FSD mAs ESD (mGy)
1 50 90 7.2 0.28
2 53 70 5 0.36
3 53 70 4 0.29
4 53 70 5 0.36
5 52 70 4 0.28
6 50 70 6 0.38
7 51 70 5 0.33
8 55 70 6 0.46
9 53 70 5 0.36
10 50 70 4 0.26
11 54 70 6.2 0.46
Average 52.18 71.82 5.2 0.35
SD 1.72 6.03 1.04 0.07
MIN 50 70 4 0.26
MAX 55 90 7.2 0.46
[ Table (8) shows the exposure factors and the amount of surface dose entering the knee(AP) examination. |
No. kVp FSD mAs ESD (mGy)
1 70 85 11.52 0.98
2 55 65 2.8 0.25
3 50 65 4 0.30
4 55 65 5 0.45
5 60 65 5 0.53
6 50 65 3.6 0.27
7 50 65 4 0.30
8 53 55 5 0.58
9 55 65 4 0.36
10 60 75 5 0.40
11 50 55 5.6 0.58
12 50 65 5 0.37
Average 54.83 54.29 5.04 0.41
SD 6.06 23.67 2.19 0.25
MIN 50 55 2.8 0.25
MAX 70 85 11.52 0.98
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No kVp FSD mAs ESD (mGy)
1 52 93 13.2 0.39
2 47 23 2.4 0.06
3 70 113 3.2 0.12
4 56 63 6 0.44
5 52 73 3 0.14
6 57 73 3.4 0.19
7 64 83 2.4 0.13
8 46 63 3.6 0.18
9 53 73 2.8 0.14
10 57 83 5.2 0.23

Average 55.4 81 4.52 0.20

SD 7.31 15.49 3.27 0.12

MIN 46 63 2.4 0.06

MAX 70 113 13.2 0.44

[_Table (2) shows the exposure factors and the amount of surface dose entering the wrist2(AP) examination. |

No. kVp FSD mAs ESD (mGy)

1 50 95 12.8 0.44
2 61 65 5.6 0.62
3 57 65 5.4 0.52
4 55 65 13.6 1.22
5 60 65 13.4 1.43
6 54 75 12.6 0.82
7 55 75 4.6 0.31
8 56 75 5 0.35
9 57 65 6.6 0.64
10 51 65 5.2 0.40
Average 55.6 71 8.48 0.68
SD 3.47 9.66 4.02 0.38
MIN 50 65 4.6 0.31
MAX 61 95 13.6 1.43

No kVp FSD mAs ESD (mGy)
1 55 90 7.2 0.34
2 58 70 5 0.43
3 55 70 4 0.31
4 58 70 5 0.43
5 53 70 4 0.29
6 51 70 6 0.40
7 53 70 5 0.36
8 58 70 6 0.52
9 56 70 5 0.40
10 55 70 4 0.30
11 59 70 6.2 0.55
Average 55.55 71.82 5.22 0.39
SD 2.54 6.03 1.04 0.09
MIN 51 70 4 0.29
MAX 59 90 7.2 0.55

No kVp FSD mAs ESD (mGy)
1 73 85 11.84 1.10
2 55 65 3 0.27
3 50 65 4.4 0.33
4 57 65 5.4 0.52
5 64 65 5.2 0.63
6 52 65 4.4 0.35
7 51 65 4.8 0.37
8 58 55 6 0.84
9 56 65 4.2 0.39
10 62 75 5.8 0.50
11 50 55 6 0.62
12 53 65 6 0.50
Average 56.75 65.83 5.59 0.53
SD 6.81 7.93 2.17 0.24
MIN 50 55 3 0.27
MAX 73 85 11.84 1.10
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Bl s Current study Saudi Arabia(16) India(17
kVp mAs ESD kVp mAs ESD kVp mAs ESD
Arm (AP) 5395 4.31 0.21 - - - - - -

Wrist (AP) 54.1 8.23 0.61 - - - 49 8 0.13

Ankle (AP) 53.86 5.21 0.37 - - - 51 11 0.17

Knee (AP) 55.80 5.28 0.47 48.9 1.61 0.04 54 14 0.22
4. Conclusions 6. White D, Griffith R, Wilson I. ICRU reports.
Reports of the International Commission on

The results of the study show that with the increase
of the tube voltage (kVp) and the tube loading (mAs),
the amount of surface dose increases, and thus the
amount of dose absorbed by the body organs
increases. Also the increase in the distance between
the tube and the patient (FSD) leads to a decrease in
the amount of incoming dose, and this is consistent
with the inverse square law.

When comparing these results with what is found in
the journals and some available studies, we found
that there is a slight increase in the amount of
entrance surface dose (ESD). This may be due to
several reasons, including non-application of quality
standards for the devices used in the considered
hospital. It can also be related to accuracy of the
voltage, the compatibility of the tube current, the
adjustment of the exposure beam and the distance
between the tube and the patient.

The most comprehensive conclusion in this research
is that there should be a quality assurance and
monitoring program in order to reach a reduction in
radiation doses for patients and workers in hospital
radiology departments, and that there should be
workshops for technicians to clarify the risks of
increasing radiation doses as well as work to
determine local reference levels for radiation doses.
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