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Purpose: This study assessed the effectiveness of breast and eye shielding and measured the

radiation dose to radiosensitive tissues (eyes and breasts) due to scatter radiation during

cervical spine X-ray radiography examinations.

Methods: Using an anthropomorphic phantom, the scattered radiation dose was measured

before and after the placement of the lead shield over the eyes and breasts in the ante-

roposterior (AP) and left lateral projection. A regression formula was utilized to determine

the exposure. Mean values and standard deviation of breasts and eyes doses were calculated.

The paired two sample t-test was used to compare the recorded dose before and after

shielding placement.

Results: Radiation shielding of eyes and breasts during AP cervical spine X-ray decreased

radiation dose to the breasts by 99.9% and to the left and right eye by 91% and 89%,

respectively. For the left lateral cervical spine X-ray, the radiation dose decreased by 26%

and 31% for the left and right eye, respectively, and by 23% and 99% for the left and right

breast, respectively. A significant difference was noted comparing the dose before and after

the implementing shielding on the eye and breast.

Conclusion: According to the results presented, the dose is significantly reduced, especially

considering that they are not in the area of interest but are exposed to scatter radiation.
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Introduction
The ultimate goal of the health care system is to provide quality care in a safe

environment.1 Diagnostic radiology procedures play a vital role in the patient’s

care, and nearly all patients experience a justified radiological examination at some

point during health care.2 Therefore, ensuring patient radiation protection during

radiological procedures is paramount. The application of the Healthcare Failure

Mode Effect Analysis (HFMEA) technique in risk assessment in the radiology

department indicated that the priority is to provide clinically acceptable image

quality at the lowest possible radiation dose to minimize the risk of unnecessary

radiation exposure.3 Exposure to ionizing radiation increases the risk of benign and

malignant tumors.4,5 As the number of radiological examinations increases, the risk

of cancer to patients undergoing radiological investigation might also increase.6,7

Radiation dose monitoring ensures patient safety during radiological procedures. It

is important to protect patients from radiation hazards and optimizing exposure to

ionizing radiation. Radiation protection of patients during diagnostic imaging
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procedures is an integral part of radiology. The As Low As

Reasonably Achievable (ALARA) principle is fundamen-

tal in minimizing radiation exposure to protect patients and

workers. The ALARA principle has three components—

reduce exposure time, increase the distance from the radia-

tion source, and employ shielding.8 Shielding is com-

monly used to reduce the radiation dose to patients and

staff from scatter radiation. Its ability to reduce radiation

transmission depends on its specification and manufacture.

The synthesis and development of shielding materials is

a fertile research area, and multiple investigations have

been conducted to provide effective radiation protection

tools.9–11

Despite the considerable number of guidelines pub-

lished by specialized radiation protection organizations

and professional societies, some controversies remain

regarding the utility and efficiency of shielding practice.

Marsh and Solisky (2019) challenged radiographers to

rethink patient shielding practice. They believed that

patient shielding practice should be abandoned in radiol-

ogy because the use of shielding in digital radiography can

lead to patients receiving a higher dose.12 Similarly,

Kaplan et al (2018) reported that gonad shielding was

not effective and efficient for female patients, especially

when incorrect use of lead shielding results in repeat

exposures. Both papers concluded that it is more reason-

able to avoid shielding of patients as it has no benefits and

might increase chances of image repetition.12,13

It is essential to base the decision of not shielding

patients on research evidence. Thus, whether shielding

can be abandoned should be proved for all radiological

examinations.14 Moreover, the International Commission

of Radiation Protection (ICRP) recommends that dose

optimization should be utilized when appropriate, and

informed decisions about shielding should be taken as

one size does not fit all.15

Radiation shielding, especially for critical organs, con-

tinues to be a hot topic for researchers. However, different

types of shields and dose reduction methods are being

investigated.9–13 This has encouraged us to perform this

experimental investigation on the effectiveness of breasts

and eyes shielding during Cervical Spine (CS) radiogra-

phy. CS radiography is a frequent radiological examination

undertaken to rule out cervical injures. Traumatic injuries

result from accidents are one of the leading causes of death

and disability in the young adult population in many

countries. Spinal fractures are included among the multiple

complications secondary to traumatic mechanisms. In

many developed countries, disorders related to the spine

are major causes of disability and death.16 In the USA,

approximately 15% of adults reported having spine pro-

blems in 2005; and in Europe, over 100 million people are

estimated to suffer from chronic musculoskeletal pain.17

The current study aimed to assess the effectiveness of

breast and eye shielding, and to measure the radiation dose

to sensitive tissues (breast and eye lens) due to scatter

radiation during CS radiography examinations.

Materials and Methods
Design
This is an experimental study conducted at the

Medical Imaging Laboratory, University of Sharjah, in

February 2020. The approval of the Institutional Research

Ethics Committee was not required for this study. The experi-

ment was performed using the Philips X-ray unit with 2.5-mm

Al filtration. The machine uses a High-voltage generator with

primary voltage of 400 V/480 V (±10%); 60 Hz, 3-phase. The

x-ray tube has dual-focus rotating anode (0.6 and 1.2). The

maximum tube voltage of 150Kv and exposure time ranges

from 1ms to 4s. The machine has a ceiling suspension tube,

fixed vertical stand and the tablemovements is automatedwith

height adjustment function. Quality control tests were per-

formed before the study, and all imaging parameters were

well within the equipment specifications and the international

accepted limits.18

Anthropomorphic Phantom
The X-ray experiment used a female anthropomorphic

phantom to simulate a patient and relative radiosensitive

tissue. The phantom is a life-size human figure that mimics

an adult patient aged 35 years old. It has a fully flexible

articulated skeleton containing no metal parts, as well as

internal representations of the larynx, heart, lungs and

kidneys. The phantom can be positioned for all standard

projections with no more difficulty than a difficult patient

might present. The breasts were simulated by breast

implants of 340 mL of saline solution positioned between

the second and sixth ribs, and the medial edge was aligned

with the edge of the sternum.19

Imaging Procedure
The experiment included CS radiographic examinations

using the adult phantom in anteroposterior (AP) and left

lateral CS (Figure 1). Imaging procedures were performed

according to Merrill’s Atlas of Radiographic Positioning
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and Procedures.20 The technique used fine focus and 18X

24 cm field of view for AP and left lateral CS radiography

examinations. The KVp was set at 70 and the focus detec-

tor distance was 100 cm for AP CS. In the left lateral, the

KVp was set at 77 and the focus detector distance was

180 cm.

Dose Measurements
The absorbed radiation dose was measured using a Piranha

dosimeter that has internal and external detectors (RTI

Electronic AB, Sweden). It had been calibrated in RTI

Electronics Calibration Laboratory in January 2020. The

Piranha external dose detector was used in the current

study to measure the absorbed dose and rate (Figure 2).

The dosing accuracy of the device is ±5% over a range of

0.7–1000 Gy, and the accuracy of the dose rate is ±5% of

reading over the range of 10–450 mGy/s. Exposure time

accuracy is ±1% of reading ±0.5 ms over the range of 0.1

ms to 2000 s.

The intensity of the X-ray beam reduces as energy is

either absorbed or scattered in the matter.21 Therefore, the

levels of absorbed or scattered radiation were undetected

using clinically relevant mAs (3.20 mAs). Hayre (2018)

illustrated a useful method for data collection and analy-

sis. The increase of mA values allows the intensity of the

X-ray beam (number of electrons across the X-ray tube)

to be received as quantifiable reading for analysis.22 This

is represented by Equation (1) where the x-ray intensity

is directly proportional to mA. Consequently, an increase

in mA significantly increased both quantity and intensity.

Therefore, a regression formula should be applied to

identify the corrected exposure. The regression formula

is represented by Equation (2) where a is mean of expo-

sure, b is set mAs, and c is clinically relevant mAs

(3.20 mAs).

IαmA (1)

CorrectedmAs ¼ a=bð Þ�c (2)

Other independent variables such as kVp, source to image

distance, focal spot size, and field size remained constant

throughout the experiment.

Figure 1 Schematic of X-ray beams in (A) anteroposterior cervical spine and (B)
lateral cervical spine.

Figure 2 Piranha radiation dosimeter in (A) Piranha internal detector and (B) the
Piranha external detector.
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Data Collection
The detector was positioned at the level of the eye (right and

left) and breast (right and left), and measurements were

done for both AP and lateral CS radiography examination.

Phantom positioned as described in the literature.20 Five

consecutive exposures were undertaken to calculate the

mean dose value, thus enhancing repeatability and precision

of the methods used and decreasing any uncertainty.

The dose measurements were executed at two

phases: 1) without shielding, and then 2) with shielding

over the eyes and breasts (Figure 3). The detector was

placed under the shielding and no readings were recorded

in the right and left breasts during AP, and on the right

breast during lateral. Thus, the dose was below the dosi-

meter threshold and was represented by the value <0.000

throughout this paper.

Statistical Analysis
SPSS software (version 23.0; SPSS, USA) used for data

analysis. The quantitative variables were described using

mean ± standard deviation. A t-test was used to compare

different data obtained for each pair orientations. The

differences were considered statistically significant at

p < 0.05.

Results
The radiation dose during AP CS without shielding of eyes

and breasts revealed that the average doses at left and right

sides are almost similar, with an average of 6.87 µGy and

1.87 µGy, respectively. The shielding of eyes and breasts

during AP CS decreased radiation exposure by 99.9% for

breasts and 91% and 89% for the left eye and right eye,

respectively (Table 1).

Analysis of radiation dose during left lateral CS with-

out shielding revealed that the left eye was exposed to 3.88

µGy, the right eye exposed to 2.89 µGy, the left breast

exposed to 0.98 µGy, and the right breast exposed to 0.61

µGy. Shielding of the eyes and breasts during left lateral

CS decreased the radiation exposure by 26% and 31% for

the left and right eye, and by 23% and 99% for the left and

right breast, respectively (Table 2). The t-test results, pre-

sented in Table 3, revealed that there is statistically sig-

nificant dose reduction achieved upon implementing

shielding on the eyes and breasts during AP and left lateral

CS radiography examination with p-value <0.05.

The use of shielding on eyes and breasts in CS radio-

graphy reduced radiation dose absorbed by patients.

Analysis of the dose in the left lateral CS radiography

indicated that the dose reduction was higher on the right

side compared to the left side.

Discussion
Ionizing radiation has a serious impact on living beings,

from deterministic to stochastic effects. However, many

medical applications such as diagnostic radiology, radia-

tion therapy, and nuclear medicine require the use of

ionizing radiations such as x-rays and gamma rays.

Accordingly, optimization and standardization of the

radiation dose are important for patient dose reduction.

Shielding is used in clinical practice to reduce the radia-

tion dose to patients and it is essential for patient and staff

safety. Different types of patient shielding tools for eye

lens, breast, gonads, and thyroid are available and should

be considered for patient safety.

Although several studies have investigated the reduc-

tion of the radiation dose as a result of shielding,13,15 the

unique aspects of the current study were the implementa-

tion of shielding in a frequently performed imaging pro-

cedure and the protection of two radiosensitive organs (eye

and breast) close to anatomical area of interest. Breast and

eye lens are exposed to scatter radiation and they are not

part from the image. Consequently, the application of

shielding in the current study was out of the anatomy

under investigation and therefore, it will not have negative

effects on the image quality.

Employing shielding benefits the patient by reducing

the absorbed dose. Almost 99% of the dose reduction was

achieved in the right and left breast in the AP CS, while

Figure 3 The anthropometric phantom shows the illustration of the external

detector position to measure the absorbed dose in (A) without shielding and (B)
with shielding.
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the left lateral CS had almost 99% and 23% dose reduction

in the right and left breast, respectively. Connor et al

(2018) stressed the importance of shielding to breast and

gonads during AP abdominal X-ray, considering that

breast and gonads are exposed to scatter radiation. The

dose to the breast and gonads were reduced by 46%–93%

and 13%–50%, respectively.23 Similarly, Ciarmatori et al

(2016) documented a significant dose reduction in the eye

lens dose (28.5 ± 5%), and image quality was not affected

by shielding during head Computed Tomography (CT).24

The radiation dose reduction up to 50% with no effect on

image quality has been reported in eye during head

CT.25,26 Similar results were noted when shielding the

breast in fluoroscopy,27 CT head scan,28,29 and lumbar

radiography examinations.19

The eye lens is highly radiosensitive, especially in chil-

dren, but studies on the radiation dose to the eye lens are

scarce and focused on CT. In the current study, the evaluation

of the absorbed radiation dose by the eyes indicated that the

dose was similar in the right and left eye in the AP CS, but

was higher in the left eye than in the right eye in the left

lateral CS. The dose in the lateral CS might be increased due

to the increased thickness of the irradiated area.21

Several radiosensitive tissues such as the eye lens, thyroid

gland, breast, and gonads may benefit from shielding.26 In CS

radiography, the possibility of incorrect shield positioning is

limited as the shield is never on the area under examination.

Incorrect positioning of the gonad shielding during pelvic

radiography in both women and men can lead to increased

dose due to incomplete coverage of the gonads.30–32

Correspondingly, using shielding in pediatric patients under-

going pelvic examination may result in repeat imaging proce-

dure if the shield blocks vital anatomy, which will increase the

patient dose.30 The ICRP recommends that dose optimization

should be utilized when appropriate and that informed deci-

sions about shielding should be taken as one size does not fit

all.15 Therefore, use of shielding should be undertaken indivi-

dually for different radiology examinations.14

Limitation of the Study
The limitation of the study includes that the study is

conducted on a phantom and not on a real patient and it

does not account the image quality as breasts and eyes are

out of area of interest. Also, variety of patients in terms of

age, weight, height and gender were not investigated.

Obviously, the results of this study are applicable to the

Table 1 Radiation Dose in µGy to Radiosensitive Organs During AP Cervical Spine Radiography

Without Shielding With Shielding

AP Exposure Corrected

Exposure

Average SD Exposure Corrected

Exposure

Average SD %

Reduction

Lt eye 13.83 6.92 6.86 0.038 1.24 0.62 0.62 0.003 91%

13.76 6.88 1.23 0.61

13.67 6.83 1.23 0.61

13.69 6.84 1.24 0.62

13.65 6.82 1.23 0.61

Rt eye 13.90 6.95 6.88 0.107 1.72 0.86 0.79 0.057 89%

13.89 6.94 1.42 0.71

13.42 6.71 1.65 0.83

13.90 6.95 1.57 0.79

13.65 6.83 1.54 0.77

Lt

breast

4.12 2.06 1.99 0.059 99.9%

4.05 2.03

3.90 1.95 <0.000 <0.000

3.98 1.99

3.82 1.91

Rt

breast

3.47 1.73 1.74 0.004 99.9%

3.47 1.74

3.47 1.73 <0.000 <0.000

3.48 1.74

3.46 1.73
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standard body size and might differ for other patients.

Therefore, future researches are encouraged to assess

a variety of patients as one size does not fit all.

Conclusion
In conclusion, the investigation of the effectiveness of

breasts and eyes shielding during CS radiography reveals

Table 3 Results of t-Tests

Cervical Spine

Radiography

Shielding Mean Dose

(µGy)

Std.

Deviation

Std. Error

Mean

P value (Two-

Tailed)

AP Eyes without shielding 6.867 0.07631 0.02413 0.000

Eyes with shielding 0.703 0.10144 0.03208

AP Breasts without shielding 1.861 0.1398 0.04421 0.000

Breasts with shielding <0.000 0 0

Lateral Left eye without shielding 3.878 0.00837 0.00374 0.000

Left eye with shielding 2.878 0.02775 0.01241

Lateral Right eye without shielding 2.888 0.01643 0.00735 0.000

Right eye with shielding 1.996 0.21291 0.09522

Lateral Left breast without

shielding

0.984 0.00548 0.00245 0.000

Left breast with shielding 0.764 0.01517 0.00678

Lateral Right breast without

shielding

0.608 0.0687 0.03072 0.001

Right breast with shielding >0.000 0 0

Table 2 Radiation Dose in µGy to Radiosensitive Organs During Lateral Cervical Spine Radiography

Without Shielding With Shielding

Lateral Exposure Corrected

Exposure

Average SD Exposure Corrected

Exposure

Average SD %

Reduction

Lt eye 7.79 3.89 3.88 0.010 5.66 2.83 2.88 0.028 26%

7.74 3.87 5.78 2.89

7.75 3.87 5.76 2.88

7.76 3.88 5.78 2.89

7.77 3.88 5.80 2.90

Rt eye 5.82 2.91 2.89 0.017 3.75 1.87 2.00 0.211 31%

5.77 2.88 4.32 2.16

5.74 2.87 4.25 2.13

5.80 2.90 4.28 2.14

5.75 2.88 3.36 1.68

Lt breast 1.96 0.98 0.98 0.005 1.58 0.79 23%

1.96 0.98 1.52 0.76

1.96 0.98 1.51 0.76 0.76 0.015

1.98 0.99 1.50 0.75

1.97 0.99 1.51 0.76

Rt

breast

1.13 0.57 0.61 0.067 99.9%

1.03 0.51

1.25 0.62 <0.00 <0.000

1.33 0.67

1.33 0.67
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considerable reduction of the absorbed radiation dose to

breasts and eye lens, which, in turn, will decrease the risk

of cancer and biological changes. The breast and eye lens are

exposed to scatter radiation as they are not in the area of

interest; therefore, shielding them will not affect the image

quality. The results of the current study highlighted the

importance of radiation shielding in CS radiography.

Proper shielding practices should be included in technologist

education and continuing education programs. Further

research is recommended for better clinical decision making,

and shielding cannot be abandoned for all types of imaging.

Disclosure
The authors report no conflicts of interest in this work.
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