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ABSTRACT

Objectives: Posteroanterior (PA) Chest radiography is
the most common medical investigation worldwide.
This study is aimed at determining the mean and
median entrance surface dose (ESD), 75th percentile
ESD, dose to right (RT) and left (LT) breast, absorbed
dose (D,) and organ dose from PA chest radiography for
female patients between the ages of 20-79 years. It is
also aimed at determining the effective dose (E) and es-
timating the lifetime cancer risk.

Methods: This prospective study was carried out with
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121 female subjects who came for routine PA chest
radiography. Digital radiography (DR) unit was used for
all patients. Thermoluminescent dosimeters (TLDs) was
positioned at the centre of the collimated beam of each
patient and transparent nylon was attached to the skin.
The TLDs were also attached to both breasts with the
patient facing the erect bucky to estimate the exit dose
(ED).

Results: The mean, median and 75th percentile ESD
for the 6 age groups were 0.96 £0.15 mGy, 0.95 (0.71-
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1.23) mGy and 1.07mGy respectively. The mean dose to
the RT, LT breast and the D_ were 0.35 £0.12, 0.40 +0.13
and 0.58 #0.12 mGy respectively. The mean E for the age
groups was 0.029 mSv, while the mean organ doses to
the lungs, breast and thyroid were 0.290, 0.059 and 0.022
mGy respectively. The estimated lifetime cancer risk
among the age groups ranged from 1.0-2.8 per million.

Conclusion: The mean ESD and E were above
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Introduction

Medical imaging is an essential aspect of modern
medicine [1]. Until the advent of the use of ionizing
radiation for the diagnosis and treatment of diseases,
access to quality care was a serious challenge [2, 3].
As of today, medical exposure accounts for the high-
est man-made use of ionizing radiation and conven-
tional X-ray imaging accounts for the most frequent-
ly used and most readily available imaging modality
worldwide [4, 5].

The protection of patient, staff and the public from
ionizing radiation has raised serious concern, due to
better understanding of the damages it can cause,
this has brought about the recommendation from
notable bodies like the International Atomic Energy
Agency (IAEA), the International Commission on Ra-
diological Protection (ICRP), the National Radiolog-
ical Protection Board (NRPB) and the International
Commission on Radiation Units and Measurements
(ICRU) and other national/regional guidelines on the
effective use of radiation [6-9].

Chest radiography remains the most commonly
performed diagnostic imaging examination, especial-
ly for the diagnosis of many pulmonary diseases/con-
ditions. The advantages of chest radiography include
high accessibility, low cost, and minimal radiation
dose to lungs and breasts [10-12].

It is, however, necessary that radiation dose be
properly optimized with emphasis on proper collima-
tion, adequate focus to film distance (FFD) and the
appropriate selection of kVp and mAs. The latter has
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recommended guidelines. ESD and D, were primarily
affected by focus film distance (FFD) and field size for
all age groups. An evaluation of the lifetime cancer risk
from this study shows that the risk was twice as high
as the United Kingdom (UK) Health Protection Agency
(HPA) report. Though the risk was minimal, there may
be need to review the current protocol to meet up with
the reported values in the HPA published guidelines.

Entrance Surface Dose (ESD); thermoluminescent dosimeter (TLD); Digital Radiogra-
phy (DR); Effective Dose (E); Exit Dose (ED); Absorbed Dose (DT)

been shown to have a significant effect on the patient
dose outcome [13, 14].

Although the use of phantoms and mathematical
algorithms can be helpful in assessing dose, they are
recommended not to replace surveys of actual pa-
tient examinations. Data from patient examinations
provide the only definitive method for determining
values of dose reference levels (DRLs) during clinical
use [15].

DRLs and ADs are essential parts of protocol opti-
mization. It is essential to ensure that appropriate
image quality for the diagnostic purpose is achieved
when changing patient doses. Optimization must bal-
ance image quality and patient dose, that is, image
quality must be maintained at an appropriate level as
radiation doses are decreased [16].

To this end, this study is aimed at determining the
mean, median and 75th percentile ESD (local DRL) for
a total of 121 female patients from 20-79 years for
PA chest radiography, and to determine the dose to
right (RT) and left (LT) breast, absorbed dose (D,), or-
gan dose, effective dose (E) and to estimation lifetime
cancer risk. A comparison of the above quantities was
made with relevant studies.

Methods

This prospective study was carried out in a busy med-
ical facility in Asaba, Delta State, located in South-
South Nigeria for 3 months. The study involved 2
diagnostic Radiographers and 2 medical physicists.
Before the commencement of the study, approval
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was gotten through the medical facility ethical com-
mittee and patients’ informed consent form was duly
filled. Female patients from the age of 20-79 years
was recruited in the study who were referred mostly
through the general out-patient department (GOPD).
The patients’ age groups were divided into 6 (20-29,
30-39, 40-49, 50-59, 60-69 and 70-79 respectively).
The patient-specific parameter used in this study was
age (years), height (m), weight (kg) and chest thick-
ness (cm). Other machine parameters were kVp, mAs,
film to focus distance (FFD) (cm) and field size (cm?).

The study used a DR with a grid system for each
patient [Table 1]. Each patient was positioned by the
radiographer in a PA position in front of the erect
bucky. Measurement was done using TLD chips. One
of the TLD chips was positioned at the back of the
patient (posteriorly) after beam collimation was
made by the radiographer. It was used to estimate
the entrance surface dose (ESD). The other two TLD
chips were positioned each on the right (RT) and left
(LT) breast to estimate the surface breast dose and
to equally estimate the exit dose from which the ab-
sorbed dose was determined (D,) respectively.

In other to effectively use the TLD chips, they were
first annealed in a TLD Furnace Type LAB-01/400 at
a temperature of 400°C for one (1) hour and was al-
lowed to cool to room temperature. To remove lower
peaks, they were heated to a temperature of 100°C for
another two (2) hours and were put to use after 48
hours. Parameters like the element correction fac-
tors (ECF) (0.9-1.1) and homogeneity of the TLD chips
(< +30%) were found to be within the acceptable range
for the patient dose measurements [17].

A RadPro Cube 400 manual TLD Reader (Freiberg
Instruments GmbH, Germany) was used to deter-
mine the corresponding TLD count for the chips. Av-
erage background counts were obtained from three
TLD chips that were not exposed to radiation (TL).
Obtained TL counts (TL-TL ) were multiplied with a
pre-determined X-ray calibration factor using the
following equation [18]:

ESD = (TL; — TLo) X CFes_y37 (™

Gly/count)
[1]

Where TL, is the count from the selected chips,

i=1, 2,3...

TL, is the background count, CF is the calibration fac-
tor of the TL chips, which were calibrated with Cesi-
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Table 1. Digital Radiography machine specifications
Manufacturer RADIOLOGIA

Type (Cl§11{h§lygs i\;[?rsnted Unit
Serial Number 19030007

Machine Model POLYRAD PREMIUM CS
Power Capacity 50kwW

kvp Range 40-150kVp

mAs Range 0.1-630mAs

Maximum Current 3.5-1.6A

Minimum Filtration 2mmAl @75kVp

Focal Spot 1.2/0.6

Grid Removable (14x17 inches)
Total Filtration 3.3mmaAl

Line Voltage 115-240V

Phase 3,50/60Hz

Target Tungsten

Manufactured Date February 2019

um-137 (Cs-137) source between 0.2-2mGy.

The ESD was calculated using equation [1]. The
mean ESD was determined from the mean of all the
age groups. In addition, the median was determined
from the middle number(s) of the ESD for all age
groups, after which the 75th percentile ESD (local
DRL) was determined.

The patient effective dose (E) was calculated using
the mathematical relation:

Effective dose (E) = X [Tissue weighting factor (W)
xEquivalent dose (H,)] [2]

The tissue weighting factor (W) was determined
using the International Commission on Radiological
Protection (ICRP) report 103 and the equivalent dose
(H,) was determined from the product of the absorbed
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Table 2. Mean patient and machine parameters

N éﬁe) W(ekig)ht Ht(eli%ht kvp mAs (l::l;?) Fie(:iclln sZ;ze Thi(((::l;il)ess
27 | 24.3(20-29) | 64.0(52-83) | 1.66(1.62-1.72) | 67.7(65-68) | 14.1(12.5-20) 150(148-157) @ 1176.8 (704-1369) | 16.3 (14-22)
25 | 33.0(30-39) 80.5(63-99) @ 1.61(1.53-1.76) | 70.7(65-75) @ 16.1(12.5-20) @ 178 (170-180) & 761.6 (575-928) 25.0 (21-27)
30 | 43.2(40-49) 72.3(53-102)  1.67(1.56-1.75) | 71.3(65-78) | 14.6(12.5-16) 180(178-180) @ 691.4 (500-900) 23.4 (19-27)
17 | 56.2(50-59) @ 75.9(55-93) | 1.61(1.48-1.76) | 73.4(68-80) @ 18.7 (16-22) 170 (160-180) | 915.8 (675-1120) | 25.0(20-30)

12 | 64.7(60-69) @ 69.8 (54-89) | 1.57 (1.50-1.78) | 75.2(65-78) | 17.2(16-20) 180 (178-180) | 760 (500-1089) 24.6 (18-27)
10 | 74.7(70-79) @ 72.3(53-87) | 1.62(1.47-1.70) | 67.5(70-80) @ 15.7 (16-20) 172 (170-180) | 682.5 (500-980) 23.7 (21-27)

kVp = Peak kilovoltage, mAs = Milliampere-seconds, FFD = Focus-film distance

Table 3. Mean, ESD, dose to the RT and LT breast and Absorbed dose (DT)
Mean age/ ESD+SD RT Breast:SD = L1 P;gast Absorbed
range (years) (mGy) (mGy) (mGy) dose (mGy)

24.3 (20-29) 0.89 +0.40 0.26+0.19 0.56 +0.35 0.48+0.27
33.0 (30-39) 0.88 £ 0.29 0.34 £ 0.20 0.39£0.25 0.51+ 0.27
43.2 (40-49) 1.22+0.17 0.54+0.27 0.27£0.11 0.82+0.14
56.2 (50-59) 0.97 £0.28 0.36+0.21 0.42 £0.22 0.58+0.17
64.7 (60-69) 1.02 £ 0.33 0.41+0.24 0.52+0.13 0.56+ 0.23
74.7 (70-79) 0.77 £0.43 0.21+0.11 0.24+0.17 0.55%0.12

ESD = Entrance surface dose, SD = Standard deviation, RT = Right, LT = Left

dose and radiation quality factor for X-ray [19].

Similarly, the Equivalent dose (H,) = Quality factor
(Q) x Absorbed dose (D,) [3]

In this case the radiation quality factor (Q) for
X-ray = 1.

The ICRP publication report 79 and Health Protec-
tion Agency (HPA-CRCE-028) report by Wall et al, was
used to determine the cancer risk coefficients (% per
Sv) for chest radiography for the female patients,
where 20-29, 30-39, 40-49, 50-59, 60-69 and 70-79 was
9.6, 8.8, 8.6, 7.5, 5.7 and 3.5 (% per Sv) respectively
[20, 21].

The organ dose was extrapolated from the varia-

tion of organ dose conversion coefficients for lung,
breast and thyroid at 70kVp for PA chest examination
from the IAEA Technical Reports Series No 457 [Fig-
ure 1], which is given as [22, 23]:

Dr

Coriei = %, [4]

A tube voltage of 70kV was used based on the mean
kVp from the 6 age groups. From the above equation,
C is the conversion coefficient, D  is the organ dose
and K, is the incident air kerma. The incident air ker-
ma (K) is given as:

Ki=Ke X B [5]
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Table 4. Comparison of organ dose with other studies
Organ Dose (mGy)
lungs breast Thyroid
This study 0.290 0.0588 0.0220
*UK [21] 0.0460 - -
*Chaparian et al [45] 0.0400 - 0.122
*Ladia et al [46] 0.0584 0.010 0.0061
*Toroi et al [47] 0.03-0.06 0.01-0.02 -
*De Oliveira et al [48] 0.0342a 0.0095% 0.00372
*Zarghani & Toossi [49] - 0.10- 0.20 1.30

*PCXMC software was used, “Mean value was from 3 measurements, UK = United Kingdom

Where K_ is the entrance surface dose, and B is the
backscatter factor respectively.

The incident air kerma (K,) was determined by mul-
tiplying the mean entrance surface dose (K) by the
pre-determined backscatter factor (B) from the X-ray
unit, which was 1.07 for a field size of 250 mm x250
mm.

Statistical analysis

The data analysis was performed using SPSS for Win-
dows, Version 22.0 (SPSS Inc., Chicago, IL, USA). De-
scriptive statistics, a One-Way analysis of variance
(ANOVA) and Pearson correlation coefficient test
were used at a 95% level of significance. P< 0.05 was
considered statistically significant.

Results

The mean age, weight, height, kVp, mAs, FFD, field
size, thickness, ESD, dose to the RT breast, dose to the
LT breast and AD was 49.35 + 19.28 years, 72.47 + 5.57
kg, 1.62 + 0.37 m, 70.97 + 3.06 kV, 16.07 + 1.70 mAs,
173.17 £ 8.11 cm, 831.35 + 188.77 cm?, 23.00 * 3.35 cm,
0.96 + 0.15 mGy, 0.35 + 0.12 mGy, 0.40 * 0.13 mGy and
0.58  0.12 mGy respectively [Table 2].

A One-Way ANOVA for 20-79 years show that there
was no statistically significant difference in kVp and
age (P = 1.000), weight (P = 1.000), height (P = 0.564),
mAs (P = 0.846), FFD (P = 0.078) and patient thickness
(P =0.931), except for the patient field size [Table 2].
Statistically significant difference was seen between
mAs and FFD/field size (P < 0.001). The field size sta-
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tistically affected all parameters. The patient thick-
ness showed statistically significant difference with
the FFD (P = 0.001) and field size (P < 0.001) respec-
tively [Table 2]. Likewise, there was correlation be-
tween FFD and field size (P = 0.019) and patient thick-
ness (P = 0.047) respectively [Table 2]

There was no statistically significant difference be-
tween the mean ESD and the RT breast (P = 1.000),
LT breast (P = 1.000) and D, (P = 1.000) respectively
[Table 3]

A Pearson correlation shows that there was rela-
tionship between ESD and dose to the RT breast (P =
0.001) and D_ (P = 0.032) but there was no relationship
between patient thickness against ESD (P = 0.772),
dose to the RT (P = 0.499) and LT breast (P = 0.342) and
D_ (P =0.589). There was correlation between dose to
the RT breast and D_ (P = 0.043) [Table 3].

Comparison of the 75th percentile ESD for 20-79
years was made with EC, IAEA, NRPB and NCRP 172
guidelines [Figure 2].

Furthermore, a comparison was made between this
study and other studies, who mostly used the PCXMC
dose software to estimate organ doses [Table 4].

Lastly, the lifetime cancer risk as a function of age
was determined and was compared with the UK (HPA-
CRCF-028) report [Figure 3].

Discussion
Estimation of surface breast dose, effective dose and
cancer risk coefficient from routine PA chest radiog-
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Fig. 1. Variation of organ dose conversion coefficients with tube voltage for lung, liver, breast, thyroid and ovaries. Chest poste-
ro-anterior (PA) examination. X ray spectra have total filtration of 3 mm Al (Adapted from IAEA TRS no. 457).
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Fig. 2. Comparison of 75th percentile ESD with established reference levels.

raphy has been carried out in a busy medical facility =~ TAEA, NRPB and NCRP 172 guideline [24-27] and the
in Asaba, Delta State, located in the South-South re- mean ESD (0.96 mGy) was above most international
gion of Nigeria. studies [28-33]. The study used Cesium-137 source for

The mean/75th percentile ESD from the 3 age calibration between 0.2-2 mGy. The choice was be-
groups was above the European Commission (EC), cause of its uniform energy, compared to the use of
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Fig. 3. Comparison of total lifetime cancer risk as function of age at exposure and sex between this study and UK report.

X-ray source where energy fluence are not uniform.
A possible limitation may be the use of a calibration
factor from a radioactive source to estimate dose in
X-ray examinations, this may have influenced our re-
sults. However, the mean ESD in this study was low-
er compared to a study by Jibiri and Olowookere in
Southwestern Nigeria, where 2 different X-ray facil-
ities were used [34]. Although their study used the
tube output approach for the estimation of ESD, how-
ever, the variation in dose compared to this study
was between 70-94 %. Factors accounting for this
variation was the technical parameter used, and it
has been found that the indirect approach (tube out-
put) may result in ESD accuracy between 20-30 % and
in some cases, it may be higher, and this is because
the output varies with voltage waveform, anode an-
gle and filtration based on the ICRP 135 report [15].
The highest mean and median ESD were noticed be-
tween ages 40-49 from this study.

Breast dose with an Unfors EDD dosimeter in a
study by Jecl et al with an anthropomorphic simulated
phantom in AP projection was 0.35 mGy for surface
dose, following thoracic X-ray. The mean dose to the
breast from this study was 0.38 mGy, with a variation
of 5.8 % compared to Jecl et al [35]. In a similar study
by Mekis et al, using similar anthropomorphic phan-
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tom, surface dose to the RT and LT breast from lum-
bar spine X-ray was 0.45 and 0.26mGy respectively.
The dose to the RT (0.35 mGy) was below Mekis study
but the dose to the LT (0.40mGy) was above it. The
breast dose from Mekis study was from scatter radi-
ation at higher technical parameters mostly the mAs
as compared to our study which was from the prima-
ry beam. To buttress this point, the chest radiogra-
phy from this study was PA view in which attenuation
would start from the back of the patient before doses
reach the breast at the other end. This could cause
differences in the dose that was observed [36].

Besides, breast dose (1.19 mGy) from a study by Ford-
ham et al with fluoroscopy was considerably higher
than our study. The reason was that fluoroscopy
procedures are associated with a higher dose due
to multiple exposures involved [37]. The doses
from this study were from a single exposure. Also,
the estimated breast dose from a study by Elshami
et al was far lower than this study for the RT (0.00174
mGy) and LT (0.0019 mGy) breast respectively. The
large differences in dose could be detector related
(TLD versus solid-state detector) [38].

This study reveals a good relationship between
mean ESD and D.. The variation in dose between both
quantities was ~35 %. It is wordy to note that ESD is
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often a benchmark measurement used to assist in
quality control and optimisation in radiography de-
partments. However, it is a poor indication of radia-
tion risk as it does not account for tissue sensitivity,
penetration and area of the X-ray beam [39]

The mean effective dose (E) in this study (0.029
mSv) was above the UK National Patient Dose Data-
base (NPDD) (0.022 mSv) [40], the ICRP 60 and 103
(0.014 mSv) [19, 41]. The mean E from a study by
Zhang et al, for PA chest radiography in 59 patients
was 0.043mSv. This value was above our result by a
variation of 27% [42].

Reported E in most studies were calculated using
the ESD, which we often refer to as the skin dose.
This study found the difference between the en-
trance surface dose (ESD) and the exit dose (ED)
as proposed in the ICRP 103 report to estimate the
absorbed dose. Another challenge from most study
was the variation in the weighting factor for the
chest. The factor is thought to influence the out-
come of the effective dose.

The study also shows that there was no statisti-
cally significant difference in the radiation dose
reaching the RT and LT breast respectively. The
estimated cancer risk coefficient among the age
groups was approximately 2.8, 2.6, 2.5,2.2,1.7 and
1.0 per million respectively with 20-29 years hav-
ing the highest risk. The highest cancer risk band
(20-29 years) was twice the HPA report (1.4 per mil-
lion) [21]. Protocol optimization has been found to
be necessary in the studied facility, in order to re-
duce the cancer risk. The maximum risk from this
study was lower (1 in 357, 000) compared to a study
in Nigeria (South-West) by Achuka et al, where the
mean cancer risk was 1 in 20, 000 [43]. Protocol op-
timization and machine failure may have increased
the patient dose.

The mean kVp and mAs in this work were below
a similar study by Ciraj et al, where the indirect
method was used. The variation between both pa-
rameters were 11 and 31 % respectively, but the
mean weight between both studies was compara-

ble. The mean ESD was higher, with a variation of
54% but the Es were comparable. This study used a
direct method for determining patient dose, while
Ciraj’s used the tube output approach which is an
indirect method for estimating patient dose. It was
thoughtful to note that factors like the field size
and FFD, may have affected ESD [44].

The estimation of organ dose (breast, lungs and
thyroid) was calculated manually using the organ
dose conversion coefficient graph with a mean tube
voltage of 70kV. Most studies have used the PCXMC
software for organ dose calculation. The organ dose
for the lungs in this study was the highest compared
to Wall et al (UK) [21], Chaparian et al [45], Ladia
et al [46], Toroi et al [47] and De Oliveira et al [48].
The dose to the breast (0.0588 mGy) was within
Zarghani & Toossi reported range (0.1-0.2) [49],
while the thyroid dose from this study was higher
compared to Ladia et al and De Oliveira et albut was
lower compared to Chaparian et al and Zarghani &
Toossi. Variation in organ doses may arise based on
the methods for calculation.

Conclusion

The mean and 75" percentile ESD, D, E, organ dose,
and lifetime cancer risk to 121 female patients be-
tween the ages of 20-79 have been determined using
TLDs. The mean and 75% percentile ESD were higher
compared to most studies. The dose to the RT and
LT breast were comparable with anthropomorphic
phantoms. The mean and 75" percentile ESD and the
effective dose (E) were higher in comparison to oth-
er studies guidelines. The lifetime cancer risk in this
study was “minimal” but was twice the HPA reported
values. Protocol Optimization may be necessary to
reduce patient dose to the barest minimum. R
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