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Poor Utility of Gonadal Shielding for
Pediatric Pelvic Radiographs

MARK C. LEE, MD; JESSICA LLOYD, BSBE; MATTHEW J. SOLOMITO, PHD

Plain pelvic radiographs are commonly used for a variety of pediatric orthope-
dic disorders. Lead shielding is typically placed over the gonads to minimize
radiation exposure to these sensitive tissues. However, misplaced shielding can
sabotage efforts to protect patients from excessive radiation exposure either by
not covering radiosensitive tissues or by obscuring anatomic areas of interest,
prompting repeat radiographic examinations. The goal of this study was to de-
termine the incidence of misplaced shielding for pelvic radiographs obtained
for pediatric orthopedic evaluation. Children 8 to 16 years old who had an an-
teroposterior or frog lateral pelvic radiograph between 2008 and 2014 were in-
cluded. A total of 3400 patients met the inclusion criteria, and 84 boys and 84
girls were randomly selected for review. For both boys and girls, the percentage
of incorrectly positioned or missing shields was calculated. Chi-square testing
was used to compare the frequency of missing or incorrectly placed shields
between sexes and age groups. Pelvic shields were misplaced in 49% of an-
teroposterior and 63% of frog lateral radiographs. Shielding was misplaced
more frequently for girls than for boys on frog lateral radiographs (76% vs 51%;
P<.05). Pelvic bony landmarks were often obscured by pelvic shielding, with
a frequency of 7% to 43%, depending on the specific landmark. The femoral
head and acetabulum were obscured by shielding in up to 2% of all images.
The findings suggest that accepted pelvic shielding protocols are ineffective.
Consideration should be given to alternative protocols or abandonment of this
practice. [Orthopedics. 2017; 40(4):e623-e627.]

elvic radiographs are standard di-
agnostic tools used to assess the
anatomy of the hips and pelvis in

pediatric patients with a range of ortho-
pedic pathologies. Lead shielding is typi-
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cally used with pelvic radiographs to de-
crease radiation exposure to the gonads, a
practice prompted by earlier studies that
showed a significant cancer risk for pa-
tients exposed to large quantities of ion-

izing radiation from plain radiographs.'*
Specific best practice guidelines have
been developed for the appropriate place-
ment of gonadal shielding to protect the
gonads and minimize interference in visu-
alization of bony landmarks.

However, several studies have shown
that gonad shielding is misplaced or miss-
ing in 50% to 78% of pediatric pelvic
radiographs.®7 Although these studies
identified malposition of shielding among
a high percentage of patients, it is not
clear whether the study institutions had
rigorous shielding protocols in place, and
there is no analysis of the frequency at
which shields covered bony landmarks in
the pelvis, potentially compromising the
value of the study.

The goal of the current study was to
determine the incidence of missing or mis-
placed gonad shields in pediatric orthope-
dic practice with a rigorous shielding pro-
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Figure 1: Correct placement of gonadal shields. For female patients, placement is considered correct if the
shield covers the pelvic basin from the symphysis pubis to the sacrum without obscuring bony landmarks
(A). In male patients, placement is considered correct if the shield is placed as close to the pubic arch as
possible without covering bony landmarks and if both testicles are completely covered (B).

Figure 2: Incorrect placement of a gonadal shield
in a girl with a left slipped capital femoral epiphy-
sis. The sacrum and sacroiliac joint are obscured.

tocol and to determine the frequency with
which visualization of bony landmarks is
compromised by pelvic shielding.

MATERIALS AND METHODS

A retrospective evaluation was per-
formed of patients examined between
2008 and 2014 at a single institution in
which a pelvic shielding protocol was in
place. Charts and pelvic radiographs of
patients were examined. Patients were
included if they were between the ages
of 8 and 16 years, had either anteropos-
terior or frog lateral projections of the
pelvis performed, and had images avail-
able for review on the institutional picture
archiving and communication system.
Patients were excluded if they had con-
genital absence or abnormality of the pel-
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Figure 3: Incorrect placement of a gonadal shield
in a boy with a treated left slipped capital femoral
epiphysis. The shield obscures the pubic symphy-
sis and rami.

vis or sacrum, developmental or acquired
abnormality of the pelvis or sacrum (eg,
multiple exostoses or pelvic resection),
or skeletal dysplasia. A total of 3400
patients met the initial inclusion crite-
ria. From this set, 84 boys and 84 girls
were randomly selected for inclusion in
the study to reach 80% statistical power.
For randomization, the patient group was
divided into boys and girls. These sets
were then imported into an Excel spread-
sheet (Microsoft Corp, Redmond, Wash-
ington), and a random number generator
was used to assign each patient a numeric
value. The patient lists were arranged in
order of this randomly assigned numeric
value, and the first 84 boys and 84 girls
were selected for inclusion.

All available anteroposterior and frog
lateral images for each patient were re-
viewed to determine the position of the
pelvic shielding. For boys, the gonadal
shield was considered correctly placed if
it was as close to the pubic arch as pos-
sible and covered both testicles without
obscuring bony landmarks. For girls, the
gonadal shield was considered correctly
placed if it covered the pelvic basin from
the symphysis pubis to the sacrum with-
out obscuring bony landmarks (Figure
1).® Shields were identified as present or
absent and correctly or incorrectly posi-
tioned (Figures 2-3). Further, if the shield
was incorrectly positioned, bony land-
marks that were completely or partially
obscured were noted. Specific bony land-
marks that were examined included the
sacroiliac joint, iliac crest, acetabulum,
ilium, pubic symphysis, and ischium.

The total number of missing shields
was determined for the cohort. Because
institutional policy required the first di-
agnostic pelvic images to be performed
without shielding, the first radiographic
evaluation for each patient, as determined
by the patient medical record and con-
firmed by the digital radiographic record,
was excluded from analysis for missing
shields.

Subgroup analysis was used to deter-
mine whether patient sex or age affected
the incidence of misplaced or missing
shields. Chi-square testing was used to
identify statistically significant differ-
ences between the sexes and between the
2 age-based subgroups, separated accord-
ing to mean age of the cohort. P<.05 was
considered significant.

RESULTS

A total of 168 patients were analyzed,
and a total of 668 anteroposterior pelvic
images and 448 frog lateral pelvic images
were reviewed. Average patient age was
12.2+2.3 years, and each patient on aver-
age had a total of 4 anteroposterior studies
and 3 frog lateral studies over the course
of the evaluation.
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On the anteroposterior images for all
included patients, gonad shields were
misplaced in 49% of images and missing
in 4% of images. On the frog lateral im-
ages, the incidence of misplaced shields
for all patients increased to 63% and the
incidence of missing shields decreased to
1% (Table 1). Gonad shields were mis-
placed in 47% of anteroposterior images
for boys and 51% for girls. No statistically
significant difference was noted between
groups. However, on frog lateral images,
gonad shielding was misplaced in 51% of
images for boys and 76% of images for
girls, showing a significant difference be-
tween groups (P<.002). No difference was
noted between the number of misplaced
shields for patients 12 years or younger
compared with those older than 12 years
when both anteroposterior and frog lat-
eral images were examined (P=.951 and
P=.061, respectively).

Pelvic shielding partly or completely
covered bony pelvic landmarks in antero-
posterior and frog lateral images with a
variable frequency (Table 2). On antero-
posterior images, for girls, a shield was
significantly more likely to block visualiza-
tion of the ilium, iliac crest, and sacroiliac
joint, with a frequency of 7% to 43%; for
boys, a shield was significantly more likely
to block visualization of the ischium and
pubis, with a frequency of 10% to 16%.
On frog lateral images, for girls, a shield
was significantly more likely to block vi-
sualization of the sacroiliac joint (51%);
for boys, a shield was significantly more
likely to block the pubic symphysis or is-
chium (20% and 27%, respectively). For
all views, the acetabulum and femoral head
were obscured by pelvic shielding in 0.3%
to 2% of images, with no significant dif-
ference between sexes. In 5 images, gonad
shields blocked complete visualization of
pelvic or proximal femoral fixation during
early postoperative evaluation (<2 weeks).

DISCUSSION
Pelvic radiographs are performed in
children to diagnose pelvic ring or hip
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Table 1
Absent Shielding in Anteroposterior and Frog Lateral Pelvic
Radiographs

Variable All Patients Boys Girls
Age, mean+SD, y 12.1£2.1 12.1£2.3 12.2+£2.0
Total radiographs, No.

Anteroposterior 668 382 286

Frog lateral 488 289 199
Missing shield

Anteroposterior 4% 4% 4%

Frog lateral 2% 2% 2%
Misplaced shield

Anteroposterior 49% 47% 51%

Frog lateral 63% 51% 76%?*

aStatistically significant difference between boys and girls (P<.05).

Table 2

Pelvic Anatomy Obscured by Shielding for Pelvic Radiographs

Anteroposterior Radiographs

Frog Lateral Radiographs

Pelvic Anatomy Boys Girls Boys Girls
Sacroiliac joint 2% 43%? 3% 51%?
Iliac crest 1% 9%?* 1% 4%
Acetabulum/femoral head 0.3% 0.4% 2% 1%
Ilium 1% 7% 2% 3%
Ischium 16% 7%* 27% 1%
Pubic symphysis 10% 3%* 20% 1%

“Statistically significant difference between boys and girls (P<.05).

pathology. With an understanding of the
importance of protecting radiosensitive
tissues such as the gonads, especially in a
pediatric population, best practice guide-
lines have been developed that emphasize
the use of pelvic shielding during these
procedures. However, the overall efficacy
of pelvic shielding is questionable.

The current study showed that adher-
ence to a strict shielding protocol in a
single institution can maintain the rate
of missing pelvic shielding at 1% to 4%,
depending on the view. This finding dif-
fers markedly from previous reports that
showed up to 30% absence of shielding.'?

The data suggest that adherence to a strict
systems-based guideline can decrease
overt absence of pelvic shielding for a
pediatric population. The protocol used
at the study institution requires that all ra-
diology technicians palpate the patient to
determine the location of the iliac crests.
The shield is then placed beneath and
medial to the crests, essentially over the
estimated location of the bladder. As men-
tioned previously, the institutional policy
is to perform the first pelvic radiograph
without shielding to ensure that the entire
pelvis is visualized for better diagnostic
accuracy.
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However, in agreement with previous
studies, the current findings showed that
49% to 63% of pelvic shields were mis-
placed on standard pelvic radiographs,
especially for girls. In the current study,
for girls, shielding was misplaced on al-
most half of all anteroposterior images
and 76% of frog lateral images.

In addition, misplaced pelvic shields
often obscured relevant pelvic or hip
anatomy and potentially diminished the
diagnostic value of the study. The in-
cidence of obscured bony landmarks
ranged from 0.3% to 51%. The frequency
of anatomy that was blocked by shield-
ing showed a general sex-specific pattern
of misplacement of pelvic shielding. For
girls, the pelvic shield often was placed
superior to the pelvic basin, blocking the
sacroiliac joint and ilium. For boys, the
shield often was placed superior and ec-
centric to the inferior pubic arch, obscur-
ing the pubic symphysis and ischium. In
0.3% to 2% of cases, the hip joint itself
was blocked by shielding, and in 5 im-
ages obtained during the early postop-
erative period, pelvic or proximal femo-
ral fixation was obscured. Although the
retrospective data provided no record of
repeat imaging for obscured anatomy,
mostly because such instances are not
recorded in the picture archiving system,
misplaced pelvic shielding could con-
tribute to a significant number of radio-
graphic retakes and likely preclude its
intended role to protect the patient from
additional ionizing radiation.

Although several studies conducted
during the past 3 decades>¢ suggested a
high error rate in the use of pelvic shield-
ing, the findings of this study and oth-
s178 showed no apparent improvement
in the positioning of pelvic shielding over
time, despite a strict institutional shield-
ing program. The persistently high er-
ror rate illustrates the difficulty of using
surface anatomy to guide localization of
gonads, particularly in a variably coop-
erative pediatric population. Further, the
ovaries can be outside of the true pelvis
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or pelvic basin in 18% of the population,
and ovary position can vary depending
on bladder filling.®'° Therefore, even if
a pelvic shield is placed on a female pa-
tient within the confines of the true pelvis
according to surface anatomy guidelines,
the ovaries may not be shielded effec-
tively.

The current best practice guidelines
for pelvic shielding were based on radia-
tion data from the 1950s.2 With advances
in technology, patient radiation doses
have decreased decade by decade. Frant-
zen et al'! reported that the effective dose
of radiation to the gonads with current
imaging technology is approximately
0.008 to 0.098 millisievert (mSv). This
dose compares favorably with the 0.008
mSv received from background radiation
sources daily. Further, Frantzen et al'! re-
ported that, because of the identified er-
rors in misplacement of pelvic shielding
and the potential need for retakes, pelvic
shielding does not reduce the risk of ra-
diation exposure for boys and potentially
increases the risk of radiation exposure
for girls.

Given the current study data and the
available literature, the use of pelvic
shielding for radiographs in pediatric pa-
tients requires reevaluation. Ultimately,
in terms of radiation exposure and medi-
cal economics, it might be preferable to
perform these studies without a shielding
protocol. Because advances in technol-
ogy have reduced radiation exposure, it
may be safer to perform pelvic studies
without shielding. However, there is still
a risk associated with radiation exposure
to the sensitive tissue. A prospective
study of different shielding algorithms
is needed to obtain evidence for the in-
creased efficiency and safety associated
with removing the shielding requirement.

Limitations

This study had several limitations. Its
retrospective nature limited the ability to
evaluate the number of repeat radiographs
obtained because of erroneous shield-

ing position and therefore prevented an
acceptable estimate of overall radiation
exposure. Further, the results can be ex-
trapolated only to anteroposterior and frog
lateral images of the pelvis taken for di-
agnostic purposes in a pediatric orthope-
dic setting and cannot be applied to adult
populations or other diagnostic imaging
modalities.

CONCLUSION

In children undergoing diagnostic
imaging of the pelvis for orthopedic pa-
thology, pelvic shields are rarely absent
but are often misplaced. Up to 76% of
gonadal shields are improperly placed on
pelvic radiographs, and bony landmarks
are obscured by gonadal shielding in up to
51% of pelvic radiographs. Consideration
should be given to abandoning current
gonad shielding methods, especially for
girls, because of the inconsistent place-
ment of pelvic shields and the increased
risk of repeat imaging from interference
with relevant bony anatomy.
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