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Abstract
Purpose: Use of shields on radiosensitive organs during diagnostic radiology is 
a condition for reducing the radiation dose to the patient. While taking pelvic 
region radiographs, gonad shields should be used, so long as this action does 
not reduce the radiograph's diagnostic value. The aim of this study was retro-
spective analysis of use of gonad shields during diagnostic radiology of the hip 
joints.
Materials and methods: We conducted a retrospective analysis of subsequent 
216 comparative X-ray images of hips taken of male patients at the Depart-
ment of Radiology, Medical University Hospital in Bialystok, from February 1 to 
October 31, 2014. The radiographs were evaluated for use of gonad shields and 
effectiveness. For the purposes of the study, we created an effectiveness scale 
with the following grades: 0 – no shield, 0.1 – shield does not cover gonads, 1.0 
– shield partially covers gonads, 1 – shield covers gonads completely. 
Results: Gonad shields were used on 31 (14%) patients aged from 22 to 81 
years (M=49 years). The most numerous group on which gonad shields were 
used consisted of men under 40 years old (n=12; 39%); and in the case of 3 
(10%) men, a  grade 1 effectiveness was obtained. For 16  (52%) patients, the 
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shield partially covered the gonads. On one X-ray, the shield was visible outside 
the patient's gonads. 
Conclusions: Gonad shields were used on adult male patients during diagnos-
tic radiology of the hip joints in only a  few cases. This requires planning and 
implementation of effective corrective activities as a guarantee of reducing pa-
tient exposure. 

Introduction
Radiation protection is defined as any measure taken 
by medical personnel to minimize the radiation dose 
received by the patient during ionizing radiation di-
agnostics and therapy. Protection of radiosensitive 
organs, such as male gonads, is a basic procedure [1]. 
The first reports on the need to use gonad shields in 
diagnostic radiology emerged in the late 1950s [2].

Contact shields, which are placed directly on the 
patient’s body, are the most common type of male go-
nad protection. A  shadow shield, which is attached 
to the collimator, is a less common solution. Contact 
shields absorb 95-99% of radiation within anode volt-
age range 50-100 kV. It is necessary to strictly follow 
the principles of protective shield use whenever pos-
sible, without reducing the diagnostic value of X-ray 
images and whenever the edge of the radiation field is 
within 5 cm of the gonads. Use of collimation so that 
the gonads are outside the direct beam, which, when 
combined with shielding reduces the organ dose to 
zero, is also significant [3-5]. In the case of diagnos-
tic hip radiology in the anterior-posterior view (AP), 
male gonads are in the direct beam of X-ray radia-
tion. Therefore, it is necessary to use properly locat-
ed shields. Proper location can be considered in two 
aspects, i.e. shielding the gonads, but without cover-
ing bone structures such as the ischiadic and pubic 
bones [6]. 

Properly used radiation protection allows mini-
mizing the effects of radiation. Over the last years, 
the gonad weighting factor of 0.2 topped the list of 
radiosensitive tissues and organs. In 2007, the In-
ternational Commission on Radiological Protection 
(ICRP) made a  correction and the current value of 
the factor is 0.08, which is the basis for effective dose 
calculation (Table 1) [7]. 

The male gonadal dose during radiography of both 
hips is 2.3 mGy, which is the highest permitted male 

gonadal exposure in standard diagnostic radiology. 
The diagnostic doses for other body regions are sig-
nificantly lower, e.g. 0.014 mGy for lumbar spine AP, 
or the risk of exposure is zero, e.g. chest PA [8]. Dur-
ing an X-ray examination, the radiographer should 
consider factors affecting the size of the dose ab-
sorbed by the gonads [5,9]:

1. Exposure parameters
2. Sensitivity of the image detector
3. Primary beam collimation
4. Primary beam filtration
5. Patient positioning
6. Proper shield placement on patient's body
7. Thickness of shielding material
In Poland, the thickness of the gonad shield (re-

gardless of gender) is 1 mm Pb, which is in accor-
dance with current radiation protection regulations 
[10]. The following should be applied during hip X-
ray imaging: anode voltage of 70-85 kV, sensitivity 
400, filtration ≥ 3mmAl, collimation limited to the 
examined anatomical site (≤1200 cm2), and an anti-
scatter grid with a focal length matched with the fo-
cus-detector distance [11]. 

The aim of this study was to assess the frequency 
and effectiveness of gonad shield use during diagnos-
tic hip radiology in adult male patients.

Materials and methods
The study was conducted using the diagnostic sur-
vey method. A  retrospective analysis of hip X-rays 
was used. Subsequent 216 hip X-ray images were 
analyzed. All radiographs were taken at the Depart-
ment of Radiology, Medical University Hospital in 
Bialystok, from February 1 to October 31, 2014 using 
Axiom Aristos Fx Plus Siemens. 

Radiographs were evaluated for frequency of go-
nad shield use and effectiveness. Effectiveness was 
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Fig. 1. 
Failure to use 
 gonad shield

Fig. 2. 
Shield does not 
 cover gonads
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Fig. 3. 
Shield covers  gonads 
completely

Fig. 4. 
Shield partially 
 covers gonads
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analyzed using the authors' own scale (Table 2). All 
data obtained during the study was compiled using 
Microsoft Excel 2007. Statistical analysis was com-
pleted by applying the Chi-squared test (significance 
level p<0,05). Calculations were completed using Sta-
tistica 12.0 StatSoft.

Results
We analyzed 216 X-rays taken of male patients aged 
22-87 years (Me=63). Gonad shields were used on 31 
(14%) patients aged 22-81 years (Me=49). The most 
numerous group on which shields were used was 
≤ 40 years old (n=12; 39%), then ≥ 60 years (n=10; 
32%), and 41-59 years (n=9; 29%).

During X-ray imaging, a shield that correctly pro-
tected the gonads (criterion 1) was used on 14 men. 
We found criterion 0.1 – no protection despite shield 
use – on one radiograph. We observed criterion 1.0 – 
partial protection – on 16 X-rays. 

In the group of patients ≤ 40 years old, the greatest 
percentage (n=7; 58%) constituted images that ful-
filled criterion 1.0, and then those fulfilling criterion 
1 (n=5; 42%). In the case of men aged 41-59 years, 
56% X-rays (n=5) fulfilled criterion 1, and 44% (n=4) 
criterion 1.0. In the group with the oldest patients, 

the most often fulfilled criterion was 1.0 (n=5; 50%), 
then criterion 1 (n=4; 40%) and 0.1 (n=1; 10%). 

In the case of 80% of X-rays, female shields were 
used to protect male gonads. The use of male shields 
was the most effective. Most of the radiographs where 
the exam was used this type of protection to meet cri-
terion 1 (χ2=9,034, p=0,002). 

Discussion

The use of gonad shields during hip radiography is 
an important aspect of patient radiation safety. The 
issue is not a common subject of analyses aiming to 
identify the problem and propose adequate correc-
tive measures [1,12,13]. We found no studies assess-
ing gonad shield use in Polish hospitals. 

The outcomes of the analysis clearly indicate 
that male gonad shield use has been abandoned. 
Other authors drew similar conclusions. Doolan 
et al. showed that only 2% of pelvic X-ray proce-
dures performed in Dublin hospitals used gonad 
shields [1]. In Norwegian hospitals, gonad shields 
were used in 18% of cases and 13% in the study by 
Behroozi et al. [12,13]. Slightly better results were 
reported for pediatric diagnostic radiology. War-
low et al. showed that effective gonadal shielding 

Radiography of the hip joints
(antero-posterior view)

Effective dose [mSv]

ICRP-60 (1991) ICRP-103 (2007)

Single hip 0.15 0.087

Both hips 0.35 0.19

Scope Criterion Example

0 Failure to use gonad shield Fig. 1.

0.1 Shield does not cover gonads Fig. 2.

1 Shield covers gonads completely Fig. 3.

1.0 Shield partially covers gonads Fig. 4.

Table 2. 
Effectiveness scale of gonad shield use.

Table 1. 
Effective dose in diagnostic radiology of hip joints taking into account ICRP weighting factor recommendations [8]. 
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(covering the entire scrotum) in boys was used in 
29% of pelvic radiological procedures [14]. Slight-
ly poorer rates (22%) were obtained by Musad et 
al., whereas higher rates (34%) were reported by 
Frantzen et al. [15,16].

In our study, gonad shields were most frequently 
used on patients under 40 years old. Thomas indi-
cated the necessity of using male gonad shields in 
patients of all ages [17]. This is due to the difficulty 
of determining the upper limit of male reproduc-
tive age. Cessation of gonadal function is associ-
ated with the process of andropause and can affect 
20-30% of men over 60 years old, 30-40% of men 
over 70, and 40-50% of men over 80 [18].

We found a  high percentage of X-ray images 
taken without the use of shields or with improper 
shield location. This may be due to different rea-
sons, such as haste or avoiding contact with the 
patient. Gonad shield use involves entering the pa-
tient's intimate zone, which may potentially result 
in abandoning their use by medical personnel [19]. 
However, cooperation with the patient based on 
dialog, respect for one’s dignity, and understand-
ing allow achieving the desired goals. Additionally, 
the introduction of the ‘gonadal shielding’ criterion 
into the analysis of rejected pelvic images would 
raise radiographers’ awareness of the necessity 
of gonad shield use, and, consequently, optimize 
the procedure. Proposed by our classification can 
greatly facilitate this analysis.

Most of the analyzed X-ray images were taken with 
female gonad shields, which were appropriately ad-
justed (shaped), depending on the diagnostic require-
ments for a given patient. Although the thickness of 
the absorbing material is the same for male and fe-
male patients, its shape varies to match the anatomy. 
Our own studies have shown that dedicated particu-
lar sex shields are the most effective. A retrospective 
evaluation of radiographs does not allow answering 
the question why radiographers did not use gonad 
shields. It is likely that the facility where hip imaging 
took place was not permanently equipped with male 
gonad shields. Doolan et al. noted that X-ray rooms 
often lack basic means of patient radiological protec-
tion [1]. Rostamzadeh et al. showed that the problem 

of lack of gonadal shielding pertains to 1/3 of X-ray 
rooms, where the equipment was analyzed in terms 
of meeting the patient radiation safety criteria [20]. 
Keeping records of the means for radiation protec-
tion in a given X-ray room and a periodic review of 
needs by a  radiation protection officer seems to be 
a simple solution. 

Effective use of male gonadal shielding does not 
only relate to its proper placement on a  patient’s 
body, but also to periodical inspections for possible 
cracks. This is particularly important if the above de-
scribed bending and shaping of the shield edges oc-
curs. A permanently damaged shield, even if proper-
ly placed on the patient’s body, will not fulfill its role. 
The usefulness of gonad shields should be assessed in 
each case of suspected damage or every 12 months 
at maximum [21]. The performed inspections should 
be recorded to confirm the shield's protective func-
tion. The inspection procedure for individual ioniz-
ing radiation shields should be included in the docu-
mentation of the Quality Assurance (QA) program. 
In Poland, regulations indicating the need to imple-
ment and maintain QA in diagnostic radiology were 
issued in 2000 [22].

In the last years we have seen a transition to digi-
tal imaging. The use of new technologies in imaging 
should go hand in hand with the principles of radia-
tion protection.

Conclusions
1. Gonad shields were not used on every patient 

during diagnostic hip radiology. They were 
most frequently used on men aged less than 40 
years. Most frequently, the shield was placed in 
such a way that it did not cover the patient's 
gonads. 

2. Very often, radiographers used women's 
shields to protect male gonads.

3. Procedural changes during hip X-ray imaging 
are necessary to reduce men's radiation risk.

4. The reasons for lack of gonad shield use by ra-
diographers during diagnostic hip radiology of 
male patients require further study. 
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