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INTRODUCTION

Applying the medical systems which use
ionizing radiations is increasing for diagnosis

ABSTRACT

Background: The aim of this study was to estimate the cancer risks and
mortalities of different types induced by routine examinations of digital
radiography for one year in Mazandaran province, Iran. Materials and
Methods: Radiation parameters and calculated entrance skin dose (ESD)
values of 13 digital radiographic examinations were collected from 2340
patients at 18 high-patient-load radiography centers. Organ mean doses were
estimated based on the collected parameters applying PCXMC software. The
BEIR VII-Phase 2 model was used to calculate the induced cancer risks and
mortalities of various cancer types at different ages. Results: The average +
standard deviation (SD) lifetime risks (incidence probability in 100,000
people) induced by radiations from radiography examinations for one year
was 51.29+44.73 and 99.62+7.36 for new-born males and females,
respectively. The lifetime cancer risk decreased with age and reached
3.7740.62 and 4.88+0.07 for 80-year men and women, respectively. The
average lifetime risks of mortality due to cancers induced by annual
radiographies were obtained at 14.18+1.62 and 22.83+2.55 for new-born
males and females, respectively. This risk reduced with age and was reached
1.97+0.27 and 2.45+0.38 for men and women at the age of 80 years,
respectively. Conclusion: Our results showed that there are low but
significant risks of cancer incidence for patients undergoing digital
radiography, which included a large percentage of the population in
Mazandaran province, especially for children and newborns.
Therefore, further efforts like appropriate patient setup and beam
geometry should be carried out to decrease patient doses.

Keywords: Digital radiography, cancer risk, cancer mortality, Mazandaran
provience

and treatment of different diseases (4.
Radiography is still one of the medical diagnostic
methods besides the new imaging methods such
as MRI and CT scans ).
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Nowadays, improvements in radiology have
been made to reduce the radiation dose from
X-ray imaging and increase the image quality,
therefore, the use of digital radiography systems
has become more widespread in the medical
examinations than analog radiographies ©). In
addition, digital method reduces the number of X
-ray retakes from 5.5% for analog to 1.0% ().
Naturally, ionizing radiation from X-ray
increases the probability of adverse health
issues. Also, it leads to a breakage in molecular
bonding in humans and affects chromosome to
induce different cancers (8.

Estimating the risk of cancer and preparing
the way for reducing this problem is an
important issue. In diagnostic radiology
examinations, the organ-absorbed dose is used
to estimate the cancer risk and hereditary effects
to provide effective protection to the patients
10),

Entrance surface dose (ESD) is the absorbed
dose to the entrance skin of the patient at the
central point of the irradiated area and it is used
to determine the patient’s effective dose (*11),
The patient’s effective dose also depends on the
X-ray’s penetrating power and the body region
being examined (2.

Investigation of the cancer risk and
mortalities for every diagnostic imaging
modality such as digital radiography for every
geographical region is essential.  This
information can be beneficial for the patients’
radiation safety in the medical imaging process.
There are several studies, investigating the
patients’ effective dose and cancer risk from
diagnostic imaging procedures (3-27). Some of
these studies have evaluated and assessed the
patient’s effective dose alone or with image
quality parameters (14-16.22,23) and some others
have tried to introduce diagnostic reference
levels (DRLs) (24, There are also several studies
calculating the risk of cancer depending on the
radiology technique (817.18,20,21) Jike oral and
panoramic radiographies (21), angiographies (),
or common radiographies from head, chest, and
abdomen (18) in different areas. However, the
BEIR VII-phase2 (Biological Effects of lonizing
Radiation VII-phase2) has rarely been used for
cancer risk estimation. Furthermore, the
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assessment of cancer risks induced by
radiological imaging must be performed in
different geographic regions (like different
provinces) and various time periods to enable
specialists to make better and more accurate
estimations of health risks and establish local
DRLs.

In the present study, the authors have
investigated the induced cancer incident risks
and mortalities in Mazandaran province, Iran,
from annual digital radiography examinations
for different patients’ ages and genders. It is
notable that the current study is the first
research investigating the cancer risk and
mortalities in digital radiography examinations
in Mazandaran province based on the BEIR
VII-Phase 2 model.

MATERIALS AND METHODS

Data collection

The present cross-sectional and multi-center
study was carried out from 2018-2019 on the
data of 2340 patients (1237 males and 1103
females) referring to 18 public and private
high-patient-load radiography centers. The
sample size was determined based on previous
studies with 5 % uncertainty (28 29),

The physical and demographic information of
the patients, including the average weight,
height, BMI, and thickness of the organs
examined in this study is shown in table 1. The
kVp, mAs, FDD, and FSD values are shown in
table 2. The filter thickness values were chosen
to 1.5 mm-Al for all examinations according to
the recommendation of IAEA report for
optimization of the radiological protection of
patients undergoing digital radiography 0.

The name of the cities and radiology centers
include; Babol (Shahid Beheshti, Yahyanejad,
and Rouhani hospitals; Mehregan Shomal, and
Partov Medical centers), Babolsar (Aryan
center), Ghaemshahr (Razi hospital), Sari
(Partovmazand center; Bouali Sina and Emam
Khomeini [2 systems] hospitals), Amol (Shomal
and Emam Reza hospitals), Chalos (Taleghani
hospital; Eslami, and Rad centers), and
Tonekabon (Shahid Rajaei hospital). Five
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stationary ~ X-ray including a  Phillips
(Netherlands), Siemens (Germany), Shimadzu
(Japan), Toshiba (Japan), and Varian (USA)
machines were used. It is notable that all of the
radiography systems were calibrated and the
quality control procedures were performed in
accordance with the American Association of
Medical Physics (AAMP) report no. 4 and 74 L
32),

Thirteen digital radiographic examinations
including skull (PA [posterior-anterior] and LAT

[lateral]), cervical (AP [anterior-posterior] and
LAT), thoracic (AP and LAT), lumbar (AP and
LAT), chest (PA and LAT), abdomen (AP), pelvis
(AP), and hip (AP) were selected based on their
higher frequency and contribution. The indirect
dosimetry method was performed with regard
to the IAEA report series no. 457 (33), and 10
patients with standard size based on this report
were chosen for each examination. For the
patients’ dose assessment, ESD (mGy) was
calculated.

Table 1. Mean and standard deviation of patient anatomical information.

Number of patient (sex) | Age (years) |Weight (kg) |Height (cm)|BMI (kg/cm?) | Organ thickness (cm)
Skull (PA) 180 (101M,79F) 45.3+22.2 | 68.6+5.9 |166.1+10.5 26.1+2.7 11.6+0.8
Skull (LAT) 180 (109M,71F) 51.7428.7 | 67.745.4 | 164+19.6 26.1+2.3 12.5+2
Cervical (AP) 180 (83 M,97F) 39.8418.4 | 71.746.9 |172.7+12.4| 27.5%5.8 10.6+2.3
Cervical (LAT) 180 (91M, 89F) 45.3+22.2 | 69.7t4.7 |170.5+14.7 | 23.3+2.4 12+0.6
Thoracic (AP) 180 (94M,76F) 37.7417.6 | 71.244.2 | 164.613.3 26.3+1.5 20.1+2.4
Thoracic (LAT) 180 (99M,71F) 44.9+17.2 | 69.5+4.65 | 168.8+27.2 24.943.5 3243.1
Lumbar (AP) 180 (76 M,104 F) 52.6114.8 | 72.443.9 29.7 26.611.2 20.9+1.8
Lumbar (LAT) 180 (74M, 106 F) 53.9+13.4 | 70.2+4.4 | 167.218.1 26.3+4.1 33.2+2.9
Chest (PA) 180 (109M,71 F) 35.6+18.1 68.1+5 |170.7+16.9| 25.1+1.7 17.4+2.3
Chest (LAT) 180 (111M,79 F) 38.7+20.1 | 70.8+ 6.3 | 169.2+10.9 28+3.2 36+2.4
Abdomen (AP) 180 (88M,92 F) 54.6+17.0 | 69.4+4.8 |166.1+17.8| 28.615.1 20.8+1.8
Pelvis (AP) 180 (105M ,75F) 49.6+£12.7 | 68.9£3.3 |165.5+14.2 29.1+2.9 18.4t1.6
Hip (AP) 180 (97M,73 F) 54.3110.5 6915.9 166.4+£15.7 26.5x4.6 12.1+0.9
Total/Average| 2340 (1237M, 1103F) | 46.5t17.9 | 69.8%5.0 |157.0%15.5| 26.5%#3.1 19.8+1.9

Table 2. Mean exposure parameters data and ESD values for all imaging centers and examinations.

ESD
Exam kVp mAs FDD (cm) FSD (cm) Mean Max/Min
Skull (PA) 70.8%4.6 19.2+9.8 100£10.2 98.4+10.5 1.6£0.7 7.3
Skull (LAT) 70.215.9 19.3+8.7 9718.4 84.519.2 1.8+ 0.9 14.4
Cervical (AP) 67.3£3.6 17.8+5.3 11045 99.415.3 1.2+0.6 10.6
Cervical (LAT) 69.317.2 18.6+3.9 110+4.3 98+4.7 1.2+0.6 7.2
Thoracic (AP) 73.914.4 27.617.2 107+4.6 86.913.8 2.81£1.2 11.7
Thoracic (LAT) 79.814.8 42.4+10.1 109+5.0 7715.0 8.3+2.8 4.9
Lumbar (AP) 77%5.2 29.745.8 113+5.1 92.145.3 4.2+2.5 15.8
Lumbar (LAT) 85.2+5.7 44.5+7.7 114+3.8 80.844.1 9.4+4.0 9.9
Chest (PA) 73.214.5 22.319.8 150+8.9 132.618.3 1+0.6 14.9
Chest (LAT) 84.3+3.9 35.51+6.1 135+7.1 9916.5 1.7+0.8 14.4
Abdomen (AP) 76.315.2 28.318.1 85+5.2 64.215.3 3.311.9 41
Pelvis (AP) 72.216.6 22.2+3.9 80+4.9 61.6+4.0 2.1+1.3 10.2
Hip (AP) 68.8+4.9 20.21+2.2 80+4.8 67.914.9 1.6+0.7 8.7
Average 74.515.1 26.7+6.8 106.9+5.9 87.9+1.4 3.1+1.4 13.2+9.0
AP, anterior-posterior projection; PA, posterior-anterior projection; LAT, lateral projection
Int. J. Radiat. Res., Vol. 18 No. 4, October 2020 877
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Entrance surface air kerma (ESAK, mGy) and
ESD calculation

Patient data were obtained from recorded
documents. Furthermore, radiation parameters
such as kVp, mAs, focal area to detector distance
(FDD, cm), and focal area to skin distance (FSD,
cm) were measured.

A calibrated semiconductor dosimeter
(Baracuda, RTI Electronics, Sweden) was used
for measuring air kerma (mGy) at the energy
level of 40-150 kVp, in 10 kVp steps. In
addition, the distance from X-ray tube and field
size were chosen at standard conditions (100
cm and 10 x10 cm?, respectively). In equation 1,
the obtaining method of entrance surface air
kerma (ESAK, mGy) is expressed (4):

ESAK=Da;r x (FDD/FSD)2 x BSF (1)

Where D.ir is the air dose obtained by the
dosimeter in air (mGy). BSF (has no unit) refers
to backscatter factor and it was between 1.3-1.5
according to the IAEA technical report series no.
457 (33),

As described in IAEA recommendation (33),
ESD was obtained by equation 2, where 1.06 is
the ratio of mass-energy absorption coefficients
for tissue and air.

ESD= ESAK x 1.06 (2)

Calculation of mean organ dose, induced
cancer risks and mortalities

Mean organ doses were calculated using
PCXMC 2.0 software (STUK-Radiation and
Nuclear Authority, Helsinki, Finland) based on
the ESD values and radiation parameters such as
KVp, mAs, FDD, filter thickness, and field size.

The calculated mean organ dose for each
digital radiology exam was used to estimate the
cancer risk and mortality for irradiated regions
using the mean annual number of examinations
in Mazandaran province. Following the previous
study, there have been approximately 662402
radiographies performed per year and the total
population is 2976219 showing that the
percentage ratio of radiography exams to the
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whole population is 22.26% 64.

Various types of cancer risks and mortalities
have been evaluating by BEIR VII-Phase 2 model
(20), Briefly, in this model, a low dose limit, doses
less than 100 mGy and a gradual dose limit of 0.1
mGy/min are defined. Moderating factors are
considered for cancer type, gender, age at
exposure, and time elapsed after exposure (19), In
this model, for estimating solid tumors and the
risk of leukemia, a threshold-free linear model
and quadratic linear model were used. The dose
and dose rate effectiveness factor of 1.5 was
used to convert the risk in high doses (rates) to
the risk in low doses (rates). In other words, the
risk in the high dose is divided by 1.5 to reach
the risk in the low dose. The report uses an
exponential multiple-risk estimation model of
the natural risk frequency in the community. A
combination of progressive and incremental
models have been used for estimating the cancer
risk based on the age at radiation time (between
progressive and incremental models), and also in
some cancers such as thyroid, the progressive
model was applied. For some other cancers like
breast cancer in women, the incremental model
and the weighted mean of both methods were
used. In the expression of risk, the committee
has finally presented the life attributed risk (20).

Frequency contribution in cancer risk
estimation

The risks of cancer incidence and mortalities
in the whole population for each of the radiology
exams were calculated through multiplying the
calculated risks by the frequency of the
examination and the percentage ratio of
radiography exams to the whole population. The
total risks from all examinations were evaluated
by summation of all the risks.

Statistical analysis

The assumption of normality of data distribu-
tion was checked by Kolmogorov-Smirnov (K-S)
test. The correlations between the age and
lifetime cancer induction and mortality risks
were evaluated using Pearson’s correlation, and
R? values were considered as an index of
correlation power. Furthermore, the differences

Int. J. Radiat. Res., Vol. 18 No. 4, October 2020
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of lifetime cancer induction and mortality risks
between men and women were assessed by
independent T-tests in various age groups. The
level of statistical significance was set at
P < 0.05. All of the statistical analyses were

performed in SPSS software version 19
(Chicago, Illinois, US).
RESULTS

ESD values and mean organ dose
The ESD values for each digital radiography
examination are shown in table 2. According to

the table, these values range from 4.9 to 41 for
the lateral thoracic spine and the abdomen,
respectively. This variation can be explained
with regard to some reasons such as different
types of radiography systems, selection of
exposure parameters, and the distance of tube to
the patient.

Mean organ dose (brain, lung, liver, stomach,
colon, bladder, breast, prostate, ovary, and
uterus) values for each of 13 selected
radiography exams are shown in table 3. The
effective dose and cancer risk are dependent on
the kind of examination, for example, during

Table 3. Mean effective doses (mSv) at various organs in all digital radiography imaging techniques

Examination | Brain Lung Liver |Stomach| Colon | Bladder | Breast |Prostate| Ovary | Uterus
Skull (PA) [0.16+0.02| 0.0£0.0 | 0.0+0.0 | 0.0+0.0 | 0.0#0.0 | 0.0#0.0 | 0.0#0.0 | 0.0#0.0 | 0.0+0.0 | 0.0+0.0
Skull (LAT) [0.18+0.04| 0.0#0.0 | 0.0+0.0 | 0.0+0.0 | 0.0#0.0 | 0.0#0.0 | 0.0#0.0 | 0.0#0.0 | 0.0+0.0 | 0.0+0.0
cer‘"(c:L;p'"e 0.08+0.02 | 0.14+0.04 |0.05£0.01 | 0.03+0.01 | 0.01+0.0 | 0.040.0 |0.02+0.01| 0.0+0.0 | 0.0+0.0 | 0.040.0
Cervical spine
(LAT)p 0.05+0.01 | 0.10£0.02 [0.03+0.01 | 0.01+0.0 | 0.0£0.0 | 0.0#0.0 |0.06+0.02| 0.0£0.0 | 0.0+0.0 | 0.0+0.0
Thora(/c_\';)Sp'ne 0.01+0.0 | 0.14+0.04 | 0.21+0.05 | 0.26+0.05 | 0.04+0.01 | 0.00£0.0 |0.26£0.06| 0.00£0.0 | 0.02+0.0 | 0.02+0.0
Thor(al_c:_r;‘pme 0.01+0.0 | 0.11+0.2 | 0.24+0.4 |0.26+0.04 | 0.03+0.0 | 0.00£0.0 |0.17+0.03 | 0.00£0.0 | 0.02+0.0 | 0.01+0.0
L -
umt(:z;;pme 0.0+0.0 |0.08+0.02 |0.27+0.07|0.21+0.05 | 0.06+0.01 | 0.03+0.01 | 0.08+0.02 | 0.07+0.02 | 0.21+0.04 | 0.25+0.05
L -
um(l::-aArTs;plne 0.0+0.0 |0.06+0.01 |0.33+0.08|0.29+0.07 [ 0.19+0.05 | 0.04+0.01 | 0.01+0.0 | 0.05+0.01 | 0.16+0.04 | 0.18+0.04
Chest (PA) | 0.01+0.0 |0.18+0.05 [0.14+0.05 | 0.13+0.03 | 0.01+0.0 | 0.02+0.0 |0.11+0.02 | 0.01+0.0 | 0.0+0.0 | 0.00+0.0
Chest (LAT) | 0.0+0.0 [0.21+0.04 |0.15+0.03|0.25+0.06 |0.02+0.01 | 0.01+0.0 |0.24+0.06| 0.00+0.0 | 0.00+0.0 | 0.00+0.0
Abdomen (AP)| 0.0+0.0 [0.11+0.02 |0.48+0.09 | 0.23+0.05 | 0.81+0.13 |0.28+0.05 | 0.36+0.07 | 0.22+0.05 | 0.47+0.09 | 0.51+0.11
Pelvis (AP) | 0.0+0.0 |0.08+0.02 [0.06+0.02|0.14+0.05 [0.95+0.15 [1.16+0.22 | 0.03+0.0 | 0.71#0.11 | 0.88+0.15 | 0.92+0.18
Hip (AP) 0.0+0.0 | 0.00+0.0 | 0.00£0.0 | 0.01#0.0 | 0.1940.4 | 0.39+0.7 | 0.0+0.0 |0.83+0.12 | 0.17+0.03 | 0.26+0.06
Average |0.04+0.010.09+0.02 |0.15+0.05|0.14+0.03 |0.18+0.04 |0.15+0.03 | 0.10+0.02 | 0.15+0.03 | 0.15+0.02 | 0.16+0.03

skull examination, the brain has a higher risk

compared to the others.
Frequency contribution

Figure 1

illustrates

the percentage of

(like breast

risk.

and lung) have

Cancer risks and mortalities
In tables 4 and 5, the lifetime attributable risk

a higher cancer

frequency contributions for each examination.
According to this figure, chest examination
(PA and LAT) is the largest contributor
(50.2%). Therefore, it is expected that the
organs involved in this examination
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of cancer incidence and mortality induced by a
one year exposure to digital radiography
examinations (in 100,000 people) for various
sites of cancers at different ages for both genders
have been represented. Also, in these tables, the
total of additional risks of all cancers for ages
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Figure 1. Distribution of the frequency (%) for the examinations
conducted in Mazandaran province.
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Figure 2. Comparison between men and women for all cancer
risks and mortalities induced by radiations from radiography
examinations for one year (incidence probability in 100,000
people) regarding the ages. Also R? values were indicate for
each curve.

@ Cancer risk (men)

P Cancer risk (women)
- Mortality risk (men)
V- Mortality risk (women)

60 70 80

Table 4. Mean (+ SD) values of lifetime risk of various cancers incidence (in 100,000 people) induced by radiations from
radiography examinations for one year in Mazandaran province.

Age at exposure time (year)

10

15

20

30

40

50

60

70 80

Male

Stomach

2.60£0.54

2.22+0.52

1.87+0.47

1.56+0.42

1.35+0.51

0.95+0.33

0.92+0.25

0.88+0.23

0.71+0.19

0.44+0.11|0.22+0.05

Colon

6.31+0.74

5.35+0.72

4.52+0.68

3.77+0.62

3.20+0.63

2.31+0.48

2.25+0.51

2.08+0.42

1.7340.35

1.19+0.24/0.55+0.10

Liver

1.56+0.31

1.30+0.19

1.12+0.17

0.93+0.11

0.77+0.09

0.56+0.07

0.53+0.06

0.48+0.05

0.35+0.05

0.20+0.04{0.07+0.01

Lung

12.42+1.15

10.32+1.03

8.54+0.94

7.12+0.83

5.8910.71

4.15%0.65

4.13%0.62

4.09+0.54

3.60+0.39

2.63+0.34{1.37+0.31

Prostate

2.13+0.48

1.83+0.42

1.53+0.33

1.30+0.30

1.09+0.28

0.7940.22

0.7940.23

0.75+0.17

0.59+0.12

0.32+0.08|0.11+0.03

Bladder

4.15+0.57

3.51+0.48

2.97+0.45

2.51+0.39

2.13+0.37

1.56+0.29

1.56+0.21

1.51+0.24

1.31+0.18

0.93+0.15|0.45+0.08

Other

15.67+1.43

9.38+1.05

8.41+0.91

6.59+0.74

5.21+0.65

3.31+0.48

2.87+0.41

2.33+0.37

1.63+0.31

0.95+0.24/0.38+0.09

Thyroid

3.39+0.44

2.24+0.37

1.47+0.21

0.97+0.14

0.62+0.07

0.27+0.04

0.09+0.02

0.03£0.01

0.01+0.00

0.00+0.00/0.00+0.00

All solids

48.23+4.12

36.15+3.81

30.43+3.24

24.75+2.54

20.26+2.10

13.90+1.26

13.14+1.35

12.15+1.26

9.93+1.06

6.66+0.65|3.15+0.51

Leukemia

3.06+0.41

1.92+0.25

1.55+0.22

1.354#0.18

1.24+0.16

1.08+0.13

1.08+0.08

1.08+0.07

1.06%0.07

0.94+0.06|0.62+0.06

Female

Stomach

3.4510.47

2.90+0.38

2.45+0.33

2.08+0.29

1.77+0.25

1.22+0.42

1.19+0.34

1.11+0.32

0.94+0.22

0.66+0.13| 0.38+0.5

Colon

4.13+0.52

3.51+0.41

2.97+0.38

2.52+0.33

2.14+0.28

1.54+0.21

1.48+0.19

1.37+0.18

1.27+0.17

1.08+0.12(0.55+0.08

Liver

0.72+0.12

0.59+0.07

0.51+0.07

0.41+0.06

0.36+0.05

0.26+0.05

0.26+0.05

0.23+0.04

0.18+0.03

0.13+0.03|0.05+0.01

Lung

21.99+2.41

18.24+2.12

15.12+1.94

12.51+1.47,

10.38+1.26

7.26+0.91

7.23+0.88

6.93+0.82

6.06+0.75

4.43+0.58|2.32+0.37

Breast

33.94+3.36

26.49+2.55

20.63+2.44

16.02+2.31

12.43+1.67

7.3310.94

4.08+0.74

2.02+0.41

0.89+0.18

0.34+0.05|0.11+0.03

Uterus

1.17+0.24

0.98+0.18

0.84+0.18

0.70+0.14

0.61+0.08

0.42+0.07

0.37+0.05

0.30+0.04

0.21+0.03

0.12+0.02|0.05+0.01

Ovary

2.11+0.35

1.76+0.28

1.48+0.21

1.22+0.23

1.02+0.16

0.69+0.13

0.63+0.08

0.51+0.07

0.37+0.06

0.23+0.05|0.10+0.02

Bladder

4.23+0.64

3.59+0.48

3.03+0.41

2.57+0.37

2.17+0.32

1.57+0.24

1.56+0.21

1.48+0.19

1.28+0.18

0.94+0.15|0.47+0.09

Other

16.38+1.83

8.79+1.22

6.39+1.54

5.00+0.74

3.95+0.51

2.53+0.37

2.21+0.31

1.81+0.24

1.33+0.19

0.83+0.15|0.37+0.07

Thyroid

9.11+1.36

6.02+1.07

3.95+0.71

2.56+0.55

1.62+0.30

0.59+0.08

0.20+0.05

0.06+0.01

0.01+0.00

0.00+0.00|0.00+0.00

All solids

97.23+7.28

72.87+6.63

57.37+5.28

45.59+4.79

36.45+3.28

23.41+2.44

19.21+2.12

15.82+1.75

12.54+1.36

8.76+1.07|4.40+0.52

Leukemia

2.39+0.31

1.44+0.20

1.11+0.17

0.98+0.12

0.92+0.10

0.81+0.09

0.80+0.08

0.80+0.08

0.74+0.08

0.66+0.06|0.48+0.05
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Table 5. Mean (x SD) values of lifetime risk of various cancers mortality (in 100,000 people) induced by radiations from
radiography examinations for one year in Mazandaran province.

Age at exposure time (year)
0 5 10 15 20 30 40 50 60 70 80

Male
Stomach|0.53+0.07 | 0.44+0.05 | 0.3940.05 | 0.32+0.04 |0.27+0.04 (0.21+0.03|0.19+0.03|0.17+0.02|0.14+0.02|0.10+0.01|0.05+0.01
Colon [2.10+0.34|1.79+0.25|1.51+0.21 | 1.28+0.18 |1.08+0.13|0.79+0.11|0.77+0.08|0.74+0.07|0.63+0.07|0.46+0.06|0.27+0.03
Liver |0.57+0.07|0.48+0.06 |0.40+0.06 | 0.35+0.05 |0.30+0.04|0.21+0.04/0.21+0.04|0.18+0.03|0.15+0.03(0.10+0.02{0.05+0.01
Lung [4.10+0.53(3.41+0.47|2.83+0.35| 2.35+0.32 |1.954+0.27|1.38+0.22(1.38+0.22|1.34+0.18|1.20+0.15|0.92+0.13|0.54+0.07
Prostate | 0.22+0.04 | 0.1940.04 | 0.15+0.03 | 0.13+0.03 |0.12+0.03|0.09+0.02|0.08+0.02|0.09+0.02|0.094+0.02|0.09+0.02|0.06+0.01
Bladder | 0.58+0.07 | 0.49+0.07 | 0.41+0.06 | 0.35+0.06 |0.30+0.05|0.22+0.04{0.22+0.04|0.22+0.04|0.22+0.04|0.19+0.03|0.13+0.02
Other |5.16+0.62|3.29+0.38|2.58+0.31 | 2.09+0.27 |1.734+0.22(1.21+0.17|1.1440.15|0.99+0.12|0.75+0.08|0.46+0.06(0.22+0.04
All solids|13.26+1.53|10.07+1.26( 8.27+1.11 | 6.88+0.92 |5.73+0.83 [4.09+0.61|4.00+0.59(3.73+0.47 (3.17+0.45(2.33+0.36|1.32+0.21
Leukemia| 0.92+0.09 | 0.9240.09 | 0.92+0.09 | 0.90+0.09 |0.86+0.08|0.83+0.08|0.86+0.09(0.92+0.11|0.94+0.12(0.89+0.09(0.66+0.07
Female
Stomach | 0.74+0.07 | 0.62+0.07 | 0.53+0.06 | 0.44+0.05 |0.37+0.04|0.27+0.04|0.26+0.03|0.25+0.03|0.21+0.03{0.17+0.02(0.10+£0.02
Colon |[1.3240.15(1.11+0.13|0.94+0.11 | 0.80+0.09 [0.68+0.08 |0.49+0.07/0.48+0.07(0.45+0.06|0.40+0.05|0.32+0.05/0.19+0.03
Liver [0.31+0.04|0.26+0.04|0.22+0.03 | 0.18+0.03 {0.15+0.02|0.12+0.02({0.104£0.02{0.10+0.01|0.09+0.01|0.06+0.01|0.04+0.01
Lung |[8.29+0.91|6.89+0.85|5.70+0.74 | 4.73+0.62 |3.93+0.51|2.75+0.38|2.73+0.32|2.63+0.32|2.36+0.29|1.81+0.27|1.04+0.17
Breast |3.53+0.46|2.76+0.39|2.15+0.31| 1.68+0.26 (1.30+0.20|0.79+0.16|0.45+0.11|0.25+0.07 |0.1240.04|0.06+0.02|0.03+0.01
Uterus |0.14+0.02 [0.13+0.02 | 0.10+0.02 | 0.09+0.01 |0.08+0.01 [0.05+0.01|0.05+0.01|0.04+0.01|0.04+0.01|0.03+0.01|0.01+0.00
Ovary |0.71+0.07|0.64+0.07 | 0.50+0.07 | 0.44+0.05 [{0.36+0.05|0.26+0.04|0.26+0.04|0.23+0.03 {0.19+0.03|0.13+0.02|0.06+0.02
Bladder | 0.76+0.09 | 0.66+0.08 | 0.55+0.07 | 0.46+0.06 |0.40+0.06/0.30+0.05|0.30+0.05|0.28+0.04|0.28+0.04|0.25+0.03(0.17+0.03
Other |6.33+0.81(3.70+0.52(2.84+0.47 | 2.31+0.36 {1.90+0.27(1.334+0.21{1.25+0.20({1.11+0.18|0.89+0.15|0.61+0.11|0.31+0.06
All solids|22.15+2.52|16.71+1.88[13.56+1.61|11.12+1.32(9.17+1.05 |6.33+0.84|5.87+0.76(5.35+0.64 |4.57+0.56 (3.42+0.50|1.96+0.27
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Leukemia| 0.68+0.07 | 0.67+0.07 | 0.68+0.07 | 0.67+0.07 |0.66+0.07

0.66+0.07|0.67£0.07{0.70+0.07|0.71+0.08|0.67+0.07{0.49+0.06

ranging from 0 to 80 years for men and women
is depicted.

According to figure 2, the average (%SD)
cancer risks from radiography examinations are
51.29 * 4.73 and 99.62 * 7.36 for new-born
males and females, respectively. This risk
decreases and goes down to 3.77 * 0.62 and
4.88 * 0.07 for men and women at the age of 80
years, in that order. The average (* SD)
mortality risks were obtained at 14.18 + 1.62
and 22.83 + 2.55 for new-born males and
females, respectively. This risk reduced with age
and fell 1.97 + 0.27 and 2.45 * 0.38 for men and
women at the age of 80 years, respectively.

The correlation values between the age and
lifetime cancer induction and mortality risks are
illustrated in Figure 2. All of the risks in men and
women had very strong inverse correlations
with age (R2>0.89).

Men and women of up to 50 years of age
groups showed significant differences in the
induced lifetime cancer risks (P<0.02).
Furthermore, there were significant differences
between men and women in lifetime cancer

Int. J. Radiat. Res., Vol. 18 No. 4, October 2020

mortality risk up to 15 years of age group
(P<0.05).

DISCUSSION

In this study, the cancer incident risks and
mortalities induced by one of year digital
radiography examinations were assessed for
patients of different ages, and genders. The risks
were calculated based on the BEIR VII-Phase 2
model to assess health risks from exposure to
low levels of ionization radiation (29).

There are several reports, studying the
patients’ dose and cancer risk from diagnostic
imaging procedures to obtain the DRLs and
health risks of radiological imaging (13-27) based
on ESD values. In a study by Khoshdel-Navi et
al. 24, researchers tried to introduce DRLs for
conventional radiography examinations in
Mazandaran province. In their study, mean ESD
values (in mGy) have been obtained at
1.47+0.98 for skull (PA/AP), 1.01+0.79 for skull
(LAT), 0.67+0.38 for cervical spine (AP),
0.79+£0.37 for cervical (LAT), 0.49+0.38 for chest
(PA/AP), 1.06+0.44 for chest (LAT), 2.15+0.73
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for thoracic spine (AP), 3+0.87 for thoracic spine
(LAT), 2.81 0.82 for lumbar spine (AP),
4.28+0.78 for lumbar (LAT), 2.07£1.17 for
abdomen and 1.90+0.99 for pelvis, respectively.
Their obtained values were greater than our
ESD results for almost all examinations except
chest imaging (AP/PA and LAT). The higher
values in Khoshdel-Navi results (24) are due to
higher applied exposure parameters. In addition,
in our study the exposure parameters in chest
radiographies were higher, therefore, they are
expected to have a higher ESDs. In our study, the
ESD values for chest examination in both
projections, PA and LAT, were higher than those
of recommended by the UK %), Brazil (36) and
Slovenia (7).

Owning to the results, women have a higher
cancer probability risk in comparison to men.
This may be due to the higher cancer risk of the
breast in females compared to the negligible
incidence of prostate cancer risk in males.
Furthermore, based on the BEIR VII-phase2
report some of the cancers like stomach, lung,
and thyroid have higher incidence risk in
women compared to men with the same
irradiation (20),

Law et al. (38), calculated the lifetime
attributed cancer risk for both genders at the
ages of 5 and 30 years. The patients were
exposed to digital radiography system for spine
examination (PA and LAT). They have found that
the cumulative lifetime attributable cancer risk
ranges from 0.08 to 0.17% in Asian and Western
populations. In the present study, the total
lifetime cancer risk for 5 and 30 years age
groups was estimated at 0.38 * 0.37 and 0.15 *
0.02 % for men, and 0.74 + 0.07 and 0.24 *
0.03% for women, respectively. These values are
approximately 2.5 times higher than Law et al.
study which can be explained by the different in
radiography systems, radiation parameters, and
cancer risk estimation models.

Mazonakis etal (9 investigated the lifetime
mortality risks for children (four groups) during
skull radiographies in AP, PA, and LAT positions.
They have found that the number of fatal
cancers was less than or equal to 2 per 1 million
children and it was higher for the age of 0.5-2
years for all 3 positions of skull radiographs
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which have good agreement with our research
findings. The attributed lifetime cancer
mortality risk for children is higher because they
have a larger proportion of dividing cells due to
their grows periods, therefore, they are
inherently more vulnerable to radiation. In
another study, Ronckers et al. 49 evaluated the
cancer mortality in a cohort study of 5573
females with scoliosis and other spine disorders
diagnosed between 1912 and 1965. The cancer
mortality was reported 8% higher than
expected, and also the breast cancer mortality
rate was higher compared to the other cancers
(lung, liver, and cervical). In our study, the
breast cancer mortality risk was higher than
most of the other cancers like liver, colon,
uterus, and ovary, but it was lower than lung
cancer mortality risk. This difference may cause
by different exposure parameters and the model
of cancer risk estimation.

Literature suggest that changing image
orientation from AP view to PA view could
greatly decrease the organ dose by
approximately three-to eight-fold for some
sensitive organs like breast and thyroid. Because
in PA position the absorbed radiation in theses
organs is much lower (741, Thus, in the current
study, the increment of cancer risks such as
ovary, bladder, liver, and colon can be explained
by higher rate of AP positions radiographies
instead of PA views in some examinations,
which also included the high frequency
examinations like lumbar, pelvis, and abdomen.

Lifetime cancer incidence and mortality risks
induced by irradiations from  digital
radiographies are strongly correlated (inverse
correlation) with age at exposure time in both
genders. The correlations can be found in figure
2. Other studies report the same correlations
between age and cancer incidence risks (17-20),
Higher risks in lower age of exposure, may be
due to higher lifetime span and increasing the
chance of cancer occurring. Most of the cancers
have long latent period, and longer lifetime time
span is closely related to a higher chance of
lifetime cancer incidence.

One of the limitations of this study was the
use of patient data belonging to a certain time
period. In addition, the models of imaging
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systems and calibration procedure are the
factors which can cause unwanted variation in
the results.

This study can be useful for specialists in
radiation protection and radiology in order to
familiarize them with cancer risks of annual
radiography in a big population. Through
monitoring patient safety, quality control,
quality assurance of radiology machines, and
choosing appropriate imaging parameters, the
effective dose and the number of excessive
cancers due to the common radiographies would
be decreased.

CONCLUSION

Our findings demonstrated that there are low
but significant risks of cancer incidence for
patients undergoing digital radiographies, which
included a large percentage of population in
Mazandaran provience. The total cancer risk
values in digital radiography examinatins for
females and children were higher compared to
males and adults, however, the cancer risks
were in the acceptable range regarding previous
studies. Therefore, further efforts like
appropriate patient setup and beam geometry
should be carried out to decrease patient doses.
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