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Abstract

Introduction/Background:
Lead shields have been used for decades to reassure patients and clinicians that radiosensitive 
areas (e.g., gonads, thyroid) are protected during radiography. Despite this common practice, 
supporting data have been limited and conflicting. Further examination of this practice is 
warranted to improve patient safety. The purpose of this study was to measure the effect of a 
pelvic lead shield on radiation dose during a chest radiograph.  

Methods:
For 50 consecutive pediatric chest radiographs, 2 nanoDot™ dosimeters were affixed to either 
side of the pelvic lead shield, which was placed according to existing protocols. After the exam, 
dosimeters were labeled with the position (in front of or behind the shield) and a patient 
identifier. Radiation doses from the dosimeters were measured and recorded along with the 
patient’s age, gender, weight, exam type (anteroposterior or posteroanterior), and technologist 
identifier. For a small subset of the exams, the mA and kVp were recorded.  

Results:
The median radiation dose measured in the front of the shield was 33.7 mrad, while the median 
radiation dose measured behind the shield was 33.4 mrad. The median absolute dose reduction 
demonstrated a statistically significant decrease of 1.01 mrad (p=0.02) behind the shield, with an 
interquartile range of -0.93 to 2.79 mrad. The trend did not significantly vary by technologist. 
There were no statistically significant trends based on patient age, weight, weight percentile for 
age, exam type, mA, or kVp.  

Discussion/Conclusion:
Using a pelvic shield results in a statistically significant reduction in radiation dose behind the 
shield during chest radiography. However, the median dose reduction of 1.01 mrad was 3% of 
the total median dose and is equivalent to 1 day of natural background radiation exposure. 
Therefore, the difference in radiation dose in front of and behind the lead shield may be 
statistically but not clinically significant. Additionally, the variation between exams was large, 
with approximately 1/3 of the exams recording an increased dose behind the lead shield. The 
long-held assumption that lead shielding provides marked radiation dose reduction should be 
reconsidered, as the effective dose difference may be negligible and not clinically important.



Introduction/Background

Ionizing radiation, such as from radiographs, has been shown to damage DNA and has 

the potential to increase one’s risk for developing cancer [1]. In 1976, patient shielding with lead 

during radiographic imaging was introduced with the intention of protecting the patient from 

ionizing radiation exposure [2]. Lead shields have been used for decades to reassure patients and 

clinicians that radiosensitive areas (e.g., gonads, thyroid) are protected during radiography.  In a 

2018 poll, radiology technicians felt so strongly about the safety benefits of shielding that 86% 

of them said they would continue to shield patients receiving x-rays, even if their institution 

implemented a no-shielding policy [2]. A 2011 New York Times article entitled, “X-rays and 

Unshielded Infants”, detailed how a physician was “mortified” when he learned of excess 

radiation to babies without even providing the protection of gonadal shielding [3]. Despite this 

common practice, studies that directly support its efficacy are limited and even conflicting [4-7]. 

With many of the studies suggesting that the benefit of an abdominal shield is negligible and one

[4] even showing an increase in radiation exposure received by the patient, further examination 

of this practice is warranted to improve patient safety.

There have been few studies published directly measuring the effect of a lead shield on 

radiation received by patients receiving radiographs. Many of the studies of lead shield efficacy 

have instead focused on CT scans or radiation dose received by the physician/operator of the 

radiographic equipment, rather than dose received by the patient [8-13]. A study from 2015 

supported prior studies that radiation dose received by the operator during coronary angiography 

was reduced through use of a lead shield, but they found that the lead shield on the patient 

resulted in double the amount of radiation exposure [4]. A Monte Carlo evaluation of the 

effectiveness of abdominal shields in chest radiographs was published in 2016 and found that 



there is a small dose reduction in regions covered by the lead shield, but that the overall risk 

benefit to the patient is negligible [5]. They further demonstrated that the abdominal lead shields 

provided a small dose reduction to organs at depth by eliminating the primary x-ray beam 

photons that are scattered, while giving a small increase in skin dose as a result of the x-rays 

scattered from the shield’s internal surface [5]. A study from 1997 also looked at the effect of 

lead apron use on radiation dose during chest radiographs and concluded that if the field of view 

is collimated to the waist then there is negligible radiation protection from using a lead half-

apron during chest radiograph examinations [6]. The current data insist that further examination 

of the efficacy of lead shields is warranted to optimize patient safety and protection from harmful

radiation. The purpose of this study was to measure the effect of a pelvic lead shield on radiation 

dose during a chest radiograph.

Methods

This was an observational study at a single institution. Research was approved by an 

independent review body (IRB). No interventions were performed, and Ethical Requirement 

of Research Ethics Board approval for this project was formally waived by the institution.  

For 58 consecutive pediatric patients who received chest radiographs, each subject was 

assigned 2 nanoDot™ Optically Stimulated Luminescence Dosimeters (OSLD, Landauer, IL,

USA). One dosimeter was placed on the front side of the lead apron, over the lower 

abdomen, and one dosimeter was placed on the back side of the apron, over the lower 

abdomen. Dosimeters were placed at the same position on each shield, (midline, about 1 inch

below the superior edge of the shield). Each patient then received a standard chest 

radiograph, with the field of view confined to the chest and not including the lead shield. 



Lead shields were placed on patients according to standardized hospital protocols; secured 

with Velcro and covering the lower abdomen while extending superiorly to the level of the 

umbilicus. After the exam, dosimeters were labeled with the position (in front of or behind 

the shield) and a patient identifier. Radiation doses from the dosimeters were measured and 

recorded along with the patient’s age, gender, weight, and exam type (anteroposterior or 

posteroanterior). Technologist identifier was also recorded to assess for possible variation in 

operator technique. Patient demographic and clinical characteristics were assessed using 

means, standard deviations for continuous variables and frequencies, and proportions for 

categorical variables.

The primary outcome was the difference in radiation levels between the dosimeters in

the front and back of the lead shield.  The Wilcoxon Signed Rank was used to ascertain 

whether that difference is different relative to zero difference. Three linear regression models

ascertained predictors for the front radiation level, the back radiation level, and the difference

in radiation levels respectively.  P<0.05 was considered statistically significant. The radiation

exposure data was compared with the patient’s gestational age and weight percentile for age 

in order to evaluate correlations. 

Results

Of the 58 participants, 8 were removed from analysis due to either failure of the 

technician to label type of study (AP versus PA), or failure to properly place both dosimeters. Of 

the 50 remaining subjects that were properly recorded, the median radiation dose measured in the

front of the shield was 33.7 mrad, while the median radiation dose measured behind the shield 

was 33.4 mrad (Figure 1). The median absolute dose reduction demonstrated a statistically 



significant decrease of 1.01 mrad (p=0.02) behind the shield (Figure 2). The trend did not 

significantly vary by technologist. There were no statistically significant trends based on patient 

age, weight, weight percentile for age, exam type, mA, or kVp (Figure 2).

Figure 1

Figure 2



Conclusion and Discussion

Radiation dose reduction was statistically significant. Median dose reduction of 1.01 

mrad was 3%, equivalent to 1 day of natural background radiation exposure [14]. Given that the 

difference in dose between the front of the shield and back of the shield is so small, the benefit of

using a pelvic lead shield during a chest radiograph does not appear to be clinically significant. 

The variation between exams was also large, with approximately 1/3 of the exams recording an 

increased dose behind the lead shield. 

There are several limitations within this study. One limitation is that the study is confined

to the pediatric population. This population was chosen given that ionizing radiation exposure 

earlier in life have a greater risk of developing a variety of cancers in their lifetime [1]. Internal 

scatter may differ and affect results in an adult population; however, it is worth noting that 

results for this study did not show any significant differences based on age, weight, or weight-

for-age. Another limitation is the potential for the misplacement of shields, a phenomenon which



has been well documented [15]. Consistent placement of shields is required to determine the 

possible effect of distance from field of view.

While the reason has yet to be determined for the discrepancy of findings, one likely 

reason is due to how x-rays scatter once they penetrate body tissue. The American Academy of 

Radiology has stated that for anatomy that lies outside of the field of view, radiation exposure 

appears to result almost entirely from internal scatter [16]. A 2008 study by Daniels and Furey 

looking at internal and external scatter from radiographic and CT imaging support this [7]. This 

would help explain why a study might show an increase radiation dose measured behind the 

shield, as x-rays are confined to the field of view without scatter as they approach the shield, 

then scatter internally and record a higher radiation dose immediately behind the shield. 

Another factor worth considering is the degree to which radiation dose given per 

radiographic study has decreased over time. Comparing the risk of radiation exposure while 

receiving an x-ray is drastically different today than it was when shielding was initially 

implemented. For example, a 4-year-old patient undergoing a simple pelvic x-ray in 2012 was 

calculated to receive radiation dose 96% less than the same examination in 1959 would deliver to

the patient [15].

Physicians thoughtfully consider expected patient radiation exposure as they weigh risk 

versus benefit when deciding whether to order imaging. In order to properly weigh risk versus 

benefit, safety measures such as lead shielding must be evaluated for efficacy; otherwise, they 

may provide physicians an artificially low estimation of patient risk. The long-held assumption 

that lead shielding provides marked radiation dose reduction should be reconsidered, as the 

effective dose difference may be negligible and not clinically important.
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