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Abstract

Background: Gonad shielding has been extensively advocated during pelvic radiography at or below reproductive ages. The popular
practice of gonad shielding is placement of a lead shield in the midline of the pelvis. The aim of this study was to address the prevalence of
gonad shielding and find out whether the current practice of gonad shielding can be considered as an effective method to reduce radiation
exposure in patients undergoing pelvic radiography.

Methods: National and international electronic databases, including PubMed, MEDLIN, EMBASE, and Google-Scholar, were searched
up to January 2016. The database searches were supplemented with manual searches of reference lists. Two authors independently
assessed the eligibility of all studies and extracted data.

Results: The searches yielded a total of 243 publications. After assessing each identified study against specific inclusion exclusion
criteria, 18 studies were deemed as relevant for this review. The total prevalence rate of gonad shielding was estimated at 58% (95% CI:
40 to 74%). It was estimated that only 34% (95% CI: 25 to 44%) of the radiographs had correct positioning of the shield. Also, incorrect
positioning of the shield was statistically significantly higher in females than males (85% vs. 52 %; P-value <0.001 ).

Conclusions: Our study demonstrates that the current practice of gonad shielding during female pelvic radiography should be no longer
considered as an effective method to reduce radiation exposure. Training the best qualified radiographers is the key to accurate positioning
of the shield in male subjects.
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Introduction

adiography of the pelvis is one of the most common X-ray
Rexaminations.‘*5 It has been estimated that pelvis and hip
radiography has an annual frequency of 39 per 1000
population and is the third biggest contributor of radiation dose
from medical imaging in the United Kingdom.® Since the 1950s,
the pelvic X-ray examinations have been essentially concerning
due to the placement of gonads in the irradiated field.*” > As
recommended by the international commission on radiological
protection (ICRP), rapid proliferation of the gonadal cells makes
them particularly sensitive to radiation effects.”* Germ cell
irradiation can result in genetic mutations and malignant changes
with the potential to be expressed in future generations.’>
Furthermore, irradiating the lower section of colon (with high
tissue weighting factor of 0.12) in pelvic radiography has been
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recently highlighted.>'*!* Accordingly, pelvis irradiation poses a
risk to both genetic and somatic malignancies.'*'® Although the
risk of radiation-induced fatal cancer followed to a single pelvic
X-ray examination may not be significant (15 to 55 per million)’
but its stochastic risk should not be ignored. Hence, it is essential
to follow safety guidelines to reduce radiation exposure of gonads
to as low as reasonably achievable (ALARA).

Gonad shielding has been advocated as an effective method
to reduce radiation exposure to the reproductive organs,
especially in young patients,!-1112162021 Thig is consistent with
the recommendations of ICRP publication 34** that states, “The
gonads should be shielded when, of necessity, they are directly
in the x-ray beam or within 5 cm of it, unless such shielding
excludes or degrades important diagnostic information”. The
concept of gonad shielding dates back to 1958.2 Gonad shields
are designed as contact or shadow shields**2¢ with various shapes
including hearts, diamonds, triangles, and squares,”’ traditionally
placed in the mid-sagittal line of the pelvis directly on the basin
pelvis (true pelvis) in females and lower than symphysis pubis
on the scrotum region in males.?” Perfect positioning of gonad
shields is achieved by completely covering the gonads without
compromising the diagnostic information of the image.® It was
declared that shielding the gonads with 1-mm lead (Pb) can reduce
radiation dose to the testes and ovaries by about 95% and 50%,
respectively (21, 31). Concerns of increased pelvis irradiation and
its associated malignancy risk have led to extensive published
studies on the extent and quality of gonad shielding in pelvic
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radiography. 2741520253033 The results of these studies have
indicated that gonad shielding is suboptimal.

Inaccurate positioning of gonad shield in pelvic radiography
has been addressed by some researchers over the past two
decades.'*!520313  Evidence indicates frequently incorrect
positioning of gonad shields with little or no protection to the
gonads, especially in pediatric girls who are highly sensitive to
radiation.

Compromising of diagnostic information of images due to
incorrect positioning of the shield can result in repetition of
the examination.'" The extra radiation dose associated with the
exposure repetitions may result in increased dose and eventually
greater harm than a single unshielded exposure.'**' Moreover, it
has been demonstrated that the ovaries have variable positions
extended to outside of the true pelvis that is intended to be
shielded.?’-283!

These concerns have led to various recommendations such as:
abandoning ovarian shielding,?’*%3! omission of gonad shield in
singular® or initial pelvic radiographs when two or more views
are required,” re-design of gonad shields,* provision of written
protocols,”* and adherence to better training programs.”33
Despite these considerations and recommendations, routine use
of gonad shielding, especially in pediatric pelvic radiography,
remains controversial.

The aim of this systematic review and meta-analysis was to
address the prevalence of gonad shielding in pelvic radiography
projection and find out whether the current practice of gonad
shielding can be considered as an effective method to reduce
radiation exposure in patients undergoing pelvic radiography.

Materials and Methods

Literature search

Our systematic review and meta-analysis comply with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.* The ethics committee of Ahvaz
Jundishapur University of medical sciences approved the concept
of this study (Grant No. U-94150). The following databases were
searched without language restrictions for articles published in
any year up to January 2016: “PubMed, MEDLIN, EMBASE,
and Google-Scholar”. An extensive search was performed using
various combinations of the Mesh terms: “pelvic radiography,
gonad shield/ing, radiation protection, x-ray, reproductive organs,
testes, ovary, prevalence, and positioning”. Designing and
conducting the electronic search strategy were performed by an
expert reference librarian based on input data from investigators.
The database searches were supplemented with manual searches
of reference lists of the potentially eligible articles. We also
contacted other expert authors of the field to identify additional
studies of potential interest.

Eligibility criteria

Eligibility criteria were established before the literature search
and were applied by two independent reviewers (V.K. and M.Z.,
both with 3 years of experience in systematic reviewing). As
the first inclusion criterion, only studies with presentation of
data on pelvic radiography were retained. The second criterion
for inclusion was that the studies addressed the prevalence of
gonad shielding, and if available, the accuracy or inaccuracy
of positioning the shields. The third criterion for inclusion was
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the data should be obtained from direct evaluation of pelvic
radiographs and not from questionnaire or observational studies.
All other articles that did not clearly meet our inclusion criteria
were excluded from the study.

Study selection

To assess eligibility, the initial search results were screened
independently by two reviewers. First, the title and abstract
of each article were carefully screened. Then, the full texts of
articles that were deemed potentially relevant were retrieved for
inclusion and additional searches of their reference lists were
performed to identify other potentially relevant articles that may
have been missed during computerized search of databases. The
discrepancies between reviewers in study selection were resolved
by consultation. If two reviewers could not reach a consensus,
we planned to resolve the disagreement through discussion and
consultation with a third reviewer (A.S.M.). The agreement was
excellent as only one'® disagreement required the assistance of the
third reviewer.

Data extraction

Two independent reviewers extracted the following data from
each study using a standardized study record form: 1) authors, 2)
country where the study was performed, 3) year of publication,
4) number of patients/pelvis radiographs, 5) patients age/sex, 6)
methodology of the study, 7) total number of pelvic radiographs
with/without shield (if available, in males and females, as well), and
8) total number of pelvic radiographs with adequacy/inadequacy of
positioning the shield (if available, in males and females, as well).

Statistical Analysis

The prevalence and 95% confidence intervals (CI) of gonad
shielding were estimated for each study. A forest plot was used to
present the results of meta-analyses, which exhibits the estimates
of prevalence and their confidence intervals for individual studies.
Heterogeneity and inconsistency were evaluated using Cochrane
Q and I? statistics, respectively. Furthermore, Egger’s regression
test was designed to assess small study effects and publication
bias. The publication bias was also examined graphically using
the ‘funnel plot’. According to the results of the heterogeneity
test, DerSimonian and Laird’s random-effects method was used
to pool the estimations. Also, subgroup analysis was done for
incorrect positioning of the gonadal shields based on patients’
gender. Statistical analysis was performed using STATAI2
software (STATA Corporation, College Station, Texas). Two
proportions test was implemented to determine whether the
difference between male and female was significant. P <0.05 was
considered to be statistically significant for all test results as well
as summary prevalence.

Results

Resullts of the search

The search flowchart is shown in Figure 1. The electronic search
yielded a total of 243 publications. After eliminating 86 duplicates,
157 studies were screened on the basis of title and abstract, of
which 89 studies were deemed irrelevant, 14 studies relevant and
54 studies of uncertain relevance. The reference lists of these
68 potentially relevant studies were screened and 12 studies of
uncertain relevance were identified. The full texts of these 80
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Figure 1. PRISMA flowchart of the study with detailed number of articles in each step.
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Figure 2. Prevalence Rate of Gonad Shielding and Its 95% Confidence Interval.
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articles were retrieved and reviewed against specific inclusion
exclusion criteria. Finally, 18 studies were deemed as relevant for
this systematic review and meta-analysis. The characteristics of
studies are summarized in Tables 1 and 2.

Description of studies

Eighteen studies published between 1992 and 2016 were
identified for inclusion in this review. One study* was in Turkish
language and the other 17 studies!?71415203032343743 wyere in
English. All these studies, excluding the re-audits of McCarty
et al. (2001),2 were performed retrospectively using archived
images in digital image libraries and common picture archiving
and communication system (PACS). Patients were 0-50 years
old and in 15 studies, they were younger than 18 years of age.
Two studies'>* focused only on ovarian shielding and one study**
only on testes shielding. The studies originated from 10 different
countries: the UK (5), England (4), Portugal (2) and the remaining
countries (China, Estonia, Iran, Ireland, Netherlands, Turkey and
the USA) each had one study. Overall, 11,543 anterior-posterior
(AP) pelvic radiographs were reviewed in these studies.

Meta-Analysis

The meta-analysis results are shown in Tables 3, 4 and5 and
Figures 2, 3, 4 and 5. The total prevalence rate of gonad shielding
was estimated as 58% (95% CI: 40 to 74%). The gonad shields
were adequately positioned in only 34% (95% CI: 25 to 44%)
of the radiographs. Subgroup analysis based on patients’ gender
showed that the prevalence rate of shielding was more common
in males than females (45 vs. 38; P-value = 0.79). Also, inaccurate
positioning of the gonad shield was statistically significantly
higher in females than males (85% vs. 52 %; P-value <0.001 ).

Discussion

Data on 11,543 AP pelvic radiographs were included in this
systematic review and meta-analysis. We found that inaccurate
positioning ofthe shields occurred frequently in pelvic radiography,
especially in females. On the basis of our data, the total prevalence
rate of gonad shielding was estimated as 58% (95% CI: 40-74%),
of which gonadal shields were accurately positioned in only 34%
(95% CI: 25— 44%) of the radiographs (Table 3, Figures 2 and 3).
It seems that during pelvic radiography, it is difficult to optimally
position the shields without compromising diagnostic image
information.**'* One study?' highlighted that lack of confidence
or skills of radiographers in adequate positioning of the shield is
the main reason for non-optimal use. Kenny and Hill*® in 1992
demonstrated that omission and inaccurate positioning of the
shield were more common in females than males. Similar results
have been reported by Wainwright et al. (2000)** and Fawcett et
al. (2009).” This is presumably due to the difficulty associated
with determining ovarian position based on surface landmarks
and radiographer’s fear of obscuring anatomy of interest. As
shown in table 4, our subgroup analysis for use of gonadal shields
based on patients’ gender revealed that the prevalence rate of
gonad shielding was more common in males than females (45%
vs. 38%; P-value = 0.79). This might be stem from radiographer’s
belief that accurate positioning of the shield is more problematic
in females than males. Also, it is estimated that inaccurate
positioning of the shield was statistically significantly higher in
females than males (85% vs. 52%; P-value < 0.001) (Table 5).
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Due to the exterior location of the testes, shielding can be
usually satisfactory.'*!> Adequate protection of the testes is highly
dependent on the skill of radiographers in accurate positioning
of the shield” that can be improved with practical training.
McCarty et al. (2001)* showed that accurate positioning of the
gonadal shield in males increased from 31.5% to 78.3% following
multidisciplinary audit. However, in two studies®* re-design of
gonadal shields was recommended.

In contrast to the testes, locating the ovaries based on surface
landmarks is problematic and as a consequence, the ovarian
shields are frequently incorrectly positioned."” Frantzen et al.
(2012)*' conducted a retrospective study on 500 pelvis radiographs
and reported that gonadal shields were incorrectly positioned
in 91% of girls’ radiographs, and re-imaging was required for
28% of them. Their finding has been replicated by Liakos et al.'
Adequate protection of the ovaries requires knowledge of the
ovaries’ position.®* The 1982 ICRP* recommendations for ovary
protection come mainly from two studies on ovaries’ position
comprising adult females and a small set of 13 children under
the age of 12 years with relatively limited data.***’ Subsequently,
various studies have been carried out to address the position of
the ovaries in the pelvic region by surgery,* ultrasonography,*
computed tomography (CT)* and magnetic resonance imaging
(MRI)?* evaluations. Altogether the results of these studies
demonstrated that the ovaries have variable positions in the
pelvic region including areas far from the midline (outside of
the true pelvis that is intended to be shielded). Bardo er al*
retrospectively evaluated the ovaries’ position on 336 pelvis and
lumbar spine MRI images and reported that the ovaries are almost
positioned in the lateral edges of the pelvis. In addition, the left
and right ovaries in the same child have the potential to be located
at different lateral distances from the midline of pelvis. Therefore,
they highlighted that the ovarian shields should be placed in a
lateral position instead of midline of the pelvis whenever possible,
or completely abandoned. Two studies®'* therefore highlighted
that the disadvantages may prevail over benefits, when using
ovarian shields during pelvic radiography. However, the ovaries’
position depends on the patient’s age*’?* and amount of urine in
the bladder.”**! Fawcett et a/.*® demonstrated that when the bladder
is empty, it is more likely that both ovaries are located inside the
true pelvis that is intended to be protected by the shield. Also with
increasing patients’ age, it is more likely to have at least one ovary
inside the true pelvis. Therefore, if a shield is used, it is better that
the bladder is empty and patient is an adult, whenever possible._

As known from the literature,'->'%!5323437 in most institutions it
is widely accepted that the ovarian shield should be eliminated
for singular or first view when two or more radiographic studies
are ordered with employing the shield for subsequent exposures.
Regardless of training challenges in institutions with a significant
turnover of radiographers, a restless, uncooperative patient
(especially hyperactive persons, i.e. children with autism), and the
risk of transient compliance by radiographers, it should be noted
that the ovaries are located almost outside of the area intended
to be protected by the shield (true pelvis), it is demonstrated that
even accurate positioning of the shield will not provide protection
to the ovaries in over one third of children.” This concept can also
be concluded from ICRP report 34* and other reliable sources
in the literature,?*3! stating that gonad shielding can decrease the
radiation exposure to the ovaries by 50%. This degraded level of
protection of the ovaries is due to the location of the ovaries almost
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Table 4. The prevalence rate of gonad shielding in males and females (95% confidence interval).

P Heterogeneity
Gonad Shielding TO&? : Prevaleggﬁ/ofcslhleldlng 2% Test Egger test
studies 95% CI) Q P t P
Male 7 0.45*(0.21- 0.70) 99 1163 <0.001 1.25 0.27
Female 7 0.38*%(0.19 — 0.60) 99 694 <0.001 0.74 0.5

*7=0.27, *P-value=0.79

Table 5. Inaccuracy positioning of gonad shield in males and females, when a shield was present (95% confidence interval).

- No. of No. of Inaccuracy positioning of the shield Heterogeneity Egger test
oty studies radiographs 95% CI) IFZ Test
Q P t P
Male 11 1464 0.52* (0.46 — 0.58) 83.6 61 <0.001 0.73 0.48
Female 12 1642 0.85%(0.76 — 0.92) 95 202 <0.001 0.71 0.49
*7Z =17.78, * P-value < 0.001
%
Study ES (95% CI) Weight
T
Doolan et al (2004) I 0.00 (0.00,0.60)  2.52
Liakos et al (2001) — i 0.02(0.00,0.09)  5.52
Gul et al (2005) | —— 0.69(0.65,072)  6.03
Kenny and Hill (1992) i —_— 0.48 (0.41, 0.55) 5.90
Wainwright (2000) i —_— 0.55(0.46,063)  5.80
Sikand et al (2003) ! —_— 074 (0.64,082) 575
McCarty et al (2001) —0:— 0.33(0.25,042)  5.82
Frantzen et al (2012) - ! 0.19(0.15,022)  6.01
Silva et al (2010) _._i_ 0.20 (0.08, 0.39) 5.03
Fawcett et al (2009) I 0.38(0.35,041)  6.05
Masud et al (2008) — i 0.22(0.14,031) 572
Warlow et al (2014) —_— 0.33 (0.22, 0.46) 5.55
Gursu et al (2013) - E 0.18(0.15,022)  6.01
Ventura et al (2010) . B — 0.39(0.24,057) 522
Tsai et al (2014) - i 0.05 (0.01, 0.13) 5.62
Kriisa et al (2012) | —_— 0.66 (0.56,0.75)  5.75
McManus (.) i - 0.44 (0.41,046)  6.05
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Figure 3. Proportion of Adequate Shielding and lts 95% Confidence Interval.

outside the true pelvis. Optimal radiation protection of ovaries
needs covering the entire pelvis which is not possible in practice
as it obscures pelvic anatomy (See Bardo et al.?’ their Figure 5).
If we accept that gonad shields were inaccurately positioned in
85% of female radiographs and for the remaining 15%, the shield
did not necessarily provide protection to the ovaries, use of gonad
shields during female pelvic radiography may not be justified.
Reducing tissue weighting factor of gonads from 0.20 to 0.08
in 2007 is also reinforced in these statements.'* Considering the
results of this study associated with ICRP-103 recommendation
that states, “any decision that alters the radiation exposure
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situation should do more good than harm”," it seems better to
discontinue ovarian shielding during females pelvic radiography.
However, decision on the use of gonad shields in male subjects is
controversial and depends on the skill and efforts of radiographers
in accurate positioning of the shield. Indeed, we need to train the
best qualified radiographers and strive to reinforce motivation
toward the use of gonad shields in males. Provision of written
gonad shielding protocols associated with re-design of shields
may also improve accurate positioning of the shield in male
subjects. We are currently undertaking a study on design and
dosimetry of new gonadal shields for females and also re-design
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Figure 4. Funnel plot for the prevalence rate of gonad shielding.
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Figure 5. Funnel plot for the adequate positioning of the shield.

of current gonadal shields in males using materials that attenuate
radiation beam yet allow sufficient X-ray beams to pass to be able
to yield an acceptable diagnostic image of pelvis.”

Limitations

Firstly, in five studies'>!*323* owing to the institutional policy,
the initial pelvic radiographs were performed without shield and
were excluded from the study; while other studies did not follow
these criteria.

Secondly, in some studies, the reported prevalence and accurate
positioning of shields during radiographies were not specified
for males and/or females. Furthermore, the sample size of some
studies was not reported.

Conclusion

Our meta-analysis demonstrates that the current practice of
ovarian shielding should be no longer considered as an effective
method to address ALARA and there is enough evidence to
abandon ovarian shielding during female pelvic radiography.
However, training the best qualified radiographers is key to
accurate positioning of the shield in male subjects.

Advances in knowledge
e  Ovarian shielding during female pelvic radiography is not an

effective radiation protection technique and it is better to be
discontinued.
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The practice of gonad shielding in the male subjects
is controversial and depends on the skill and efforts of
radiographers in accurate positioning of the shield that will
be improved with better practical training.
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