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Purpose: To optimize the maintenance of radiation shields, this study aims to analyze
annual inspection files to assess the integrity of radiation shields and their associated factors
with regard to defects in radiation shields in clinical settings.

Methods: A multicenter cross-sectional study was conducted at hospitals in Saudi Arabia. The
data from annual inspection files of 1019 clinical lead radiation shields were analyzed. The
factors of shield shape, unit where a shield is used, shield thickness, short-term use and number of
users were examined. In addition to the inspection file analysis, radiation attenuation measure-
ments were obtained for a subset of shields to compare newly purchased shields with older
shields. Statistical analyses were performed using Fisher’s exact test and a #-test.

Results: The results show that the highest percentage of failing shields were found in the
emergency unit, fluoroscopy unit and operation room with a failure of approximately 7.14%,
5.61%, and 3.98%, respectively, of these shields. Fluoroscopy and operation room units were
statistically significantly associated with shield defects. There was no association between
shield damage and shape of shield, shield thickness, short-term use or number of users.
Radiation attenuation measurements were similar for new and older shields.

Conclusion: As fluoroscopy units and operating rooms have a higher percentage of
damaged shields, it is recommended that the shields employed in these units should be
regularly inspected more frequently than once a year. The study highlights that the shields’
age, transmission measurements that confirm that the correct shields are purchased according
to the required kVp, physical appearance, and cleanliness should be recorded in annual
inspection files. This study highlights the need for uniform inspection files of radiation
shields across hospitals. National and international organizations may apply these findings
to develop appropriate recommendations.
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Introduction

Radiation shields have an important role in the safety of employees who operate
radiation equipment and in preventing patients’ exposure to radiation. Lead shields
are widely utilized in clinical practice to protect staff and patients from secondary
radiation. Protective shields may have different shapes, including a one-piece full-
body apron, a jacket, and a skirt. Typically, lead is embedded in rubber and fabric,
or a mix of lead and rubber or lead and vinyl is used. Newer shields may also be
lead free and made of a composite of lighter materials, such as bismuth or
antimony, which may function as an equivalent to lead. Lead shields should include
a protective layer with a minimum thickness of 0.25 mm of lead for X-rays up to
100 kV and a minimum thickness of 0.35 mm lead for X-rays greater than 100 kV.'
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These shields are employed in different units in hospi-
tals, including diagnostics, operating rooms, nuclear med-
icine, and dental clinics. In clinical practice, shields are
subject to damage, which may include cracks, holes, or
tears. Damage can also occur when shields are not prop-
erly handled or stored.” Therefore, during clinical use,
protective shields should be examined to check their integ-
rity. There is no standard protocol for shield inspection,
although some manufacturers may make recommenda-
tions. Shields should also be examined if a safety issue is
suspected or if the shield is present on the ground. In many
hospitals, shields are inspected once a year.> * Inspections
may be conducted visually or via palpation, but neither of
these methods can detect internal damage. It was reported
that 54.50% of damaged radiation shields (as determined
via imaging) passed a visual inspection.’ In another study,
visual inspections and physical palpation indicated no
damage in 77.78% of aprons that were shown to be
damaged via imaging.” Imaging inspection may use
a computed tomography (CT) scan,>® ﬂuoroscopy(”8 or
a general X-ray.”

Existing research on radiation shields examines the
transmission measurements of clinical shields,7’10 clinical

practice using lead-free materials,'"'?

and the develop-
ment of nano shields.”* "> Few studies with a limited
number of samples have reported the integrity of radiation
shields. A study at the University of Basel emphasizes the
requirement of quality checks of X-ray protection
clothing.® Of 85 lead aprons that were examined, 58
were found to be defective, due to either damage such as
cracks or to radiation permeability.” A new practical
method was suggested to assess the integrity of shields
by determining the maximum tear length.'® However,
research on the effect of shield shape, thickness, and
unit, number of users, and duration of use on shield defects
is lacking. Therefore, to optimize the integrity of clinical
radiation shields, this study analyzed the data from annual
inspections of clinical radiation shields to investigate the
impact of these factors on the integrity of radiation shields.

Method

This paper presents a multicenter cross-sectional study that
was conducted in Saudi Arabia. Ethical approval was
obtained from ethical committee, Approval number
(HAPO-02-K-012-2020-09-444). We analyzed inspection
data for 1019 radiation shields that are actively used in
four hospitals. The annual inspection data for the radiation
shields were compiled and statistically analyzed. To

maintain anonymity, the hospitals are referred to as hospi-
tals 1, 2, 3, and 4. All the radiation shields investigated in
this study use shield-based lead for radiation protection.

Radiation shields are inspected by an institution’s
radiation safety office or by a hospital’s medical physics.
Regarding clinical protocol, the integrity of the internal
structure of shields is inspected regularly (once a year)
using fluoroscopy imaging. Each shield was identified by
serial number, shape, unit where it was collected, and
inspection results, which consisted of pass (no damage to
shield) or fail (shield is damaged). The criteria for accep-
tance of the pass or rejection of a shield is demonstrated in
a study conducted by Lambert and McKeon, and certain
clinical protocols and manufacture protocols followed this
criterion. They assessed the rejection criteria based on the
radiation dose received by a worker from a defect and the
cost of replacing a lead protective shield. Aprons will be
rejected (fail) and replaced if the sum of the areas of
defects exceeds 15 mm? unless the defect is not located
over a critical organ. Lesser rejection criteria will be
applied if defects are detected on the back of the lead
apron, along the seam and overlapped areas; these areas
will be rejected if the area defect exceeds 670 mm?. If the
defect is located over the testes and thyroid, the shields
should be rejected and replaced when the sum of the areas
of defects exceeds 11 mm?.

The data from annual inspection files were collected
from all four hospitals. We reorganized the data files for
compatibility with a statistical program. The radiation
shields were classified by shape, unit, thickness, short-
term use (two years), and number of users. For the thick-
ness of shields, only one hospital reported the thickness, so
the number of shields in regard to thickness was classified
for 147 shields. In addition, for short-term usage (two
years), data were collected from two hospitals. The num-
ber of users was estimated from the number of staffs in the
radiology departments. Two hospitals were classified as
having a large number of users, and another two hospitals
were classified as smaller number of users.

In addition to the data collected from annual inspection
files, radiation attenuation measurements were conducted on
a subset of shields (forty shields). These shields are classified
as new punches shield and old shield. Although there is no
specific age registered in the inspection files, the older shields
were confirmed by the radiation safety office and estimated
to have an age range of approximately 3 to 6 years. The
X-ray attenuation measurements were carried out by sepa-
rately positioning each shield at 60 cm from the focal spot
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and ionization chamber with 0.2 cm?® for soft X-ray (PIW,
Germany). X-ray attenuation measurements were performed
using a tube voltage of 70 kV. A tube current-time product of
10 mAs was applied. Measurements were conducted with
and without an apron present in the radiation field.

Attenuation was calculated with the following
equation:
. Dose without shield — Dose with shield
Attenuation = x 100

Dose without shield

Statistical analyses were performed using the social
sciences software (SPSS version 16.0, Chicago, Illinois,
USA). Fisher’s exact test was conducted to test the inde-
pendence of each group. These comparisons identify
whether any group is a differential factor. A 95% confi-
dence interval, that is, a p-value less than 0.05, was con-
sidered statistically significant. P-values greater than 0.05
indicate insignificant differences, implying that the tested
grouping is not an influential factor. For comparison, the
attenuation measurements #-test was applied, and statistical
significance was set at a P value of less than 0.05.

Results

A total of 1019 radiation shields were examined in this study.
Figure 1 represents the percentage of passing and failure rate
of the annual inspections for clinical shields by unit where
the shields are utilized. Radiation shields are used in 13 units
in the included hospitals. Of these shields, 98.46% passed the
annual inspection (no damage), while 2.11% failed the
inspection (damage detected). The highest percentage of fail-
ing shields was employed in the emergency unit; approxi-
mately 7.14% of these shields were damaged. The next
highest rate of damage occurred in the fluoroscopy unit,
where 5.61% or six of 101 shields were damaged, followed
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by the operating theater, where 3.98% or ten of 241 shields
were damaged. General X-rays had a low failure rate of
2.35%; the dental unit had a failure rate of only 0.95%. The
remaining units (breast biopsy, pain clinic, catheterization
laboratory (cath lab), intensive care unit (ICU), endoscopy,
nuclear medicine, lithotripsy, and CT) had no failing shields.

To investigate the impact of individual units on shield
damage, Fisher’s exact test was performed to obtain
a comparison between the number of shields that pass or
fail in each department and the sum of the shields in the other
departments (Figure 2). The operating room had the highest
use of radiation shields: 251 shields. For the remaining units,
233 shields were used in the cath lab, 178 shields were
utilized in general X-rays, 107 shields in fluoroscopy, and
105 in dental clinics. The most significant unit association
with shield defects is fluoroscopy, with a p-value of 0.01. The
operating room also significantly impacted shield damage,
with a p-value of 0.02. The p-value for the relationships of all
other units with shield damage was greater than 0.05.

The data by shield shape are shown in Figure 3. This
study includes eleven different shapes for radiation shields;
failing shields were most common among thyroid and body
apron shields. These shapes failed at comparable rates: 2.79%
and 2.47% for thyroid shields and body apron shields, respec-
tively. No damage was detected for other shapes. The most
common shape in hospitals is a body apron (486 shields). The
next most common shape was thyroid protection (358
shields). Lead gloves, body aprons with collars, and shield
skirts were less common. The results of Fisher’s exact test
indicated no relationship between damage and shield shape,
as the p-value was greater than 0.05 for all shapes (Figure 4).

The shields were also categorized based on the lead thick-
nesses of 147 shields, as shown in Figure 5. No failing rate was

&
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Figure | Percentages (%) of the annual inspection test for clinical shields in each department.

Risk Management and Healthcare Policy 2021:14

submit your manuscript

1265

Dove


http://www.dovepress.com
http://www.dovepress.com

Bawazeer Dove
1000 B
900
800
700
600
500
400
300 P=0. P=120
200 P=0.7
P=0. _ =
P=0. P=026 S P=00Y  L.100 P=1.00
100 p=1. 0
P-1|0 I
0 — I - —_ - n - .
> © R SR ARD S S D >R R P qb RS RS A D
G SE G SE OE N S&E A EE KE S S
R P I RSP s & O &5 & O PN K R
& Q R & & & & &3 % 2
G & LPE C® & & & e S O S & &
& & R &
& o & & & & & O & SE & &
& & & & & & & & W & & & &
< < < < < < < < J < < < <
® ¥ ¥ F ¥ ® ¥ ¥ ¥ ¥ ® ® ®
m Pass wmFail

Figure 2 Number of shields in each department compared to the total number of shields in the other departments, and Fisher’s exact test results.
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Figure 3 Percentages (%) of the annual inspection test classified based on shield shape.

reported for a lead thickness of 0.35 and 0.3 mm. No significant
relationship was found between lead thickness and shield
damage. Fisher’s exact test yielded P-values greater than 0.05
for lead thicknesses of 0.5 mm, 0.35 mm, and 0.3 mm.

The relationship between shield damage and short-term
use is demonstrated in Figure 6, which shows the results of
the annual shield inspections at hospitals 1 and 2 over two
years. For the two years, there is no significant difference
among the inspection results of each year (p-value > 0.05)
in hospital 1. However, during the following two years in

hospital 2, the difference became significant. In 2019, no
shield damage was reported.

The relationship between shield damage and number of
users is represented in Figure 7. The results of Fisher’s
exact test revealed that there is no relation between shield
damage and number of users.

The comparison attenuation measurements between newly
purchased shields and older shields for the subset of data are
shown in Figure 8. The results of the # test show that the mean
of radiation attenuation is approximately 97.1% and that there
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Figure 4 Number of shields for each shape compared to the total number of the shields for other shapes, and Fisher’s exact test results.
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Figure 5 Number of shields for each thickness compared to the total number of the shields for other thickness, and Fisher’s exact test results.

is no significant difference in attenuation ability between new
shields and older shields.

Discussion

To the best of our knowledge, this paper is the first
assessment of annual inspection files of clinical shields
with 11 shield shapes, 13 units of use, 3 shield thicknesses,
short-term shield duration of use, and number of users.
The results of this investigation of the integrity of a shield
as well as the information in current clinical inspection
files can be used to improve radiation protection for both
staff and patients and optimize radiation protection in

radiology departments. The results will also improve cost-
effectiveness since radiation shields are expensive, and
excellent maintenance will increase the lifespan of clinical
shields,
damaged shields.

thereby reducing the budget for replacing

First, the analysis of inspection files from different
hospitals revealed the need for uniform inspection files
of radiation shields across hospitals. National and interna-
tional organizations may use these findings to develop
appropriate recommendations for quality assurance tests.
Second, of the clinical units investigated here, fluoroscopy
and operating rooms are significantly more likely to have
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Figure 6 Relationship between shield damage and short-term use, and Fisher’s exact test results.
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Figure 7 Comparison between number of users and damage, and Fisher’s exact test results.
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defective shields (p-value < 5) due to radiation damage.
These findings have clinical relevance as it is possible that
staff and patients might use shields with internal structural
damage if inspections are conducted only once a year. This
limitation cloud be increasing the risk of radiation expo-
sure for patients and staff. Fluoroscopy in particular is
considered a high-dose source of radiation.'” Therefore,
shields used in fluoroscopy and operating rooms should
undergo specific quality checks more frequently than once
a year. Perhaps staff working in these units should undergo
training on proper shield maintenance, use, hinge, and
storage. In addition, if damage occurs during the year,
the additional personal staff dose could be evaluated and
added to the annual dose received. Stam et al'® proposed
an equation to calculate the additional dose to give to staff
if holes were detected in a shield. The additional dose is
a function for many factors, such as radiation energy, size
and location of tears or holes in a shield, and thickness of
a shield (single or double layers).

This study also demonstrated that body aprons and
thyroid shields were more likely than other shapes to be
damaged (Figures 3 and 4), but this difference was not
statistically significant. For the thickness of a shield, it was
also expected that thinner shields might be more likely to
undergo damage due to folding or bending. However, the
results indicated that all thicknesses of lead shields
(0.5 mm, 0.35 mm, and 0.3 mm) were damaged at similar
rates. At the international level, the results for shape and
thickness of a shield could be adapted since the examined
shields are purchased from different international compa-
nies. In regard to the thickness of a radiation shield, pre-
vious studies have recommended that the radiation
shields
should be measured prior

transmission of new radiation under different
of kV

Manufacturer labels usually report measurement using

levels to use.
one beam quality with a narrow beam setup.”® In response
to this finding and based on our analyses of annual inspec-
tion files, we recommend adding transmission measure-
ments based on shield thickness to the diagnostic clinical
ranges for new shields. These transmission measurement
data can be used to confirm that the right shields are
purchased according to the required kVp.

We also examined the relationship between short-term
shield use and the integrity of a shield. Figure 6 shows the
results of annual inspections for short-term usage at two
hospitals. At hospital 1, there was no significant difference
in the percentage of damaged shields over two consecutive
years (p-value > 0.05). However, at hospital 2, shield

duration of use had a significant association with shield
damage when two consecutive years were compared. In
2018, 3.76% of shields were damaged. However, no
shields were damaged in 2019. A radiation officer at that
hospital explained that this difference may have occurred
because a large number of shields were replaced in 2018.
It should be noted, however, that this study has only
a limited ability to accurately assess the relationship
between shield integrity and duration of use because no
information about shield age was included in the annual
inspection files. On the topic of shield age, two points
emerge from this study. First, shield age should be
included in the annual inspection files to help illuminate
any existing relationship between integrity and shield age.
This inclusion would also help management determine
when to purchase new radiation shields and select
a company that manufactures a shield with a long life.
For the number of users, the results show that there is no
significant difference between shield damage and number
of users.

The annual inspection files analyzed in this study
include neither any criteria for regularly cleaning the sur-
face of shields nor any descriptions of the physical appear-
ance of shields. However, a recent study reported that 63%
of radiation shields have dust on exterior surfaces, which
correlates with the physical appearance of a shield.'® This
dust may be a hazard as lead-based dust is a well-known
source of lead exposure. Lead dust can be absorbed by the
blood either by inhalation or inadvertent ingestion, causing
elevated levels of lead in the blood. More recently, bacter-
ial contamination on protective shields was reported.'**
We therefore recommend, in accordance with recent inter-
national highlights, that a description of the physical
appearance of shields and surface cleaning procedures
should be included in the annual inspection files.

Conclusion

This study has analyzed the annual inspection files for
1019 radiation shields that are currently in use in four
hospitals. The study has demonstrated that the fluoroscopy
and operating units are more likely to have defective
shields than other hospital units. In response to this find-
ing, we have recommended that radiation shields used in
fluoroscopy and operating rooms should be inspected for
damage more frequently than once a year. We found no
association between shield integrity and shape of shield,
shield thickness, short-term use, or number of users. This
study has also identified some limitations in annual
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inspection data, which should (in addition to existing data)
include descriptions of inspected shields’ physical appear-
ance, age, cleanliness, and transmission measurements for
new shields to assure that an appropriate shield will be
used for a specific kV value. This study highlights the
need for uniform inspection files of radiation shields
across hospitals. National and international organizations
may use these findings to improve the quality assurance of
personnel protective radiation shielding.
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