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Introduction

Computed tomography (CT) using ionizing radiation, is widely 
used as an appropriate choice for the diagnosis of many diseases 
[1], and is known as one of the main contributors to the collec-

tive effective dose and also accounts for approximately 68% of the total 
medical radiation exposure in the world [2].

Although in CT procedures, the collective effective dose is higher 
compared to other modalities such as common radiographies, the num-
ber of CT examinations is continually increasing [2-4] at an annual rate 
of 10 percent in the U. S. [5] due to the higher diagnostic value of CT 
images. Since ionization radiation can cause genetic side effects or carci-

Original

ABSTRACT
Background: Computed tomography (CT) is a routine procedure for diagnosing 
using ionization radiation which has hazardous effects especially on sensitive organs. 
Objective: The aim of this study was to quantify the dose reduction effect of lead 
apron shielding on the testicular region during routine chest CT scans.
Material and Methods: In this measurement study, the routine chest CT ex-
aminations were performed for 30 male patients with common lead aprons folded and 
positioned in testis regions. The patient’s mean body mass index (BMI) was 26.2 ± 
4.6 kg/m2. To calculate the doses at testis region, three thermoluminescent dosimeters 
(TLD-100) were attached at the top surface of the apron as an indicator of the doses 
without shielding, and three TLDs under the apron for doses with shielding. The TLD 
readouts were compared using SPSS software (Wilcoxon test) version 16. 
Results: The radiation dose in the testicular regions was reduced from 0.46 ± 
0.04 to 0.20 ± 0.04 mGy in the presence of lead apron shielding (p < 0.001), the 
reduction was equal to 56%. Furthermore, the heritable risk probability was obtained 
at 2.0 ×10-5 % and 4.6 ×10-5 % for the patients using the lead apron shield versus 
without shield, respectively.  
Conclusion: Applying common lead aprons as shielding in the testis regions of 
male patients undergoing chest CT scans can reduce the radiation doses significantly. 
Therefore, this shield can be recommended for routine chest CT examinations.
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nogenesis which may appear in the newborns 
[6], concern about it has increased [7,8]. In ad-
dition, with the introduction of multi-detector 
CT (MDCT) for the clinical applications, a 
further increase in the overall number of CTs 
has been reported [7]. 

CT scan from the chest is a primary diag-
nostic tool for common examination for di-
agnosing the diseases of the lung and other 
organs located in the chest region [9]. Protect-
ing the organs especially sensitive ones from 
radiation damage during CT examinations is 
crucial [10]. Testes are one of the radiosen-
sitive organs and regarding the International 
Commission on Radiation Protection (ICRP) 
reports, the weighting factor of this organ is 
higher than other sensitive organs, which is 
equal to 0.2 [11], and it contributes 20% of the 
effective whole-body dose [12].Therefore, any 
methods which can reduce the dose without 
affecting the diagnostic image quality should 
be performed. 

The patient’s dose in CT procedures con-
sists of primary X-ray beam and scatter com-
ponents; therefore, radiation shielding is a 
challenging issue [13]. Reducing the sensitive 
organs’ doses by appropriate easy applicable 
shields can be helpful in this regard [4,14]. 
There are various shields designed to reduce 
gonadal doses, including lead blankets, clam-
shell style shields, bismuth shielding, male 
testicular shields, and flexible shields [14]. 
However, these shields are not widely used 
in routine CT examinations due to their hard 
placement, lack of hygienic tips, and accessi-
bility.

In several studies, the testes’ shielding ef-
fects during CT scans have been investigated. 
For example, Iball et al. [10] assessed abdom-
inal lead shielding on the gonad doses dur-
ing the chest CT examination using RANDO 
phantom and TLDs. In another study [15], the 
authors estimated the gonads’ doses by an ion 
chamber in the presence of surface lead shield 
in RANDO anthropomorphic phantom during 
different CT scan examinations. 

The previous studies were conducted on 
phantoms [10,14] or a particular testicular 
shield which is hard to use [12,16]. However, 
in the present study, we investigated the dose 
reduction effect of lead apron in the testicular 
region during chest MDCT procedures. The 
advantage of our method is that the shielding 
instrument namely lead apron, positioned on 
the patients’ testis regions, is accessible in all 
CT centers.

Material and Methods
In this measurement study, for the purpose 

of measuring the testes surface dose during 
the chest CT scan, 30 patients were involved 
in the presence of lead apron folded and posi-
tioned on the Patients’ testis regions. A MDCT 
scanner (16 slice Somatom Emotion 16, Sie-
mens, Germany) was used for scanning, and 
radiation dose values were measured using 
thermoluminescent dosimeter (TLD) chips.

Patients groups
Thirty male patients with age ranging from 

20 to 70 years old and the mean body mass 
index (BMI) of 26.2 ± 4.6 kg/m2 (median 26) 
were chosen for this study. The patients were 
informed and satisfied about how the proce-
dure would be performed. The study was car-
ried out following the National Research Ethics 
Board approval with the registration number 
of “IR.MUBABOL.HRL.REC.1398.194”.

The patients with special problems, includ-
ing solitary testes, scrotal masses, scrotal skin 
infections, or lesions were excluded in this 
study. Although gonad protection is more im-
portant in the pediatric groups, this age group 
was not investigated because of the difficulty 
of obtaining children’s parental approval.

Scan protocol 
The parameters of the chest CT scanning 

protocols with a MDCT scanner are indicated 
in Table 1. All scans were without any contrast 
material and the scan range was from lung 
apices to lung bases, which yielded the mean 
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scan length of 33 ± 2.1 cm. The patients were 
placed in supine position.

TLD dosimetry 
TLD chips are produced by Harshaw Com-

pany (Thermo Electron Corporation, Read-
ing, UK) and made of LiF, Mg and Ti with the 
thickness of 0.9 mm and size of 3 × 3 mm2. All 
TLDs were annealed in a TLD annealing fur-
nace (1 h at 400 °C and 2 h at 100 °C) before 
the measurements, and also prior to the read-
out, the dosimeters were pre-heated at 100°C 
for 20 minutes (min). The TLDs were exposed 
using an 80 kVp diagnostic X-ray beam, re-
sulting in the use of a sensitivity correction, 
in a way that, the TLDs which were over or 
under sensitive by greater than 2 standard de-
viations were eliminated.

The TLD chips’ calibration was done based 
on Groves et al. [17] study. In summary, the 
Element Correction Coefficient (ECC) values 
were obtained to increase the reproducibility 
for each TLD. Moreover, a Barracuda dosim-
eter (RTI Electronics, Sweden) calibrated at 
the Secondary Standard Dosimetry Laborato-
ry (SSDL) was used for the verification of the 
dose measurement. The TLDs were irradiated 
three times in free-in-air conditions at the cen-

ter of rotation of the CT scanner, and the mean 
readout values of the TLDs (TLD mean) were 
obtained. The ECC for each TLD (TLDi) was 
calculated using the following Equation 1:

ECCi=TLDi/TLDmean                    (1)
In the next step, to obtain the calibration fac-

tor (CF), the TLDs (ECC close to 1) were ex-
posed three times to different selected doses, 
and the average of TLD readouts was calcu-
lated. Then the dose (mGy) versus TLD read-
ing (nC) was plotted, and the CF was obtained 
by the slope of the curve. It is notable that the 
readout and analysis of the TLDs were per-
formed at the National Medical Physics Re-
search Center after 24 h, which has a special 
protocol for TLD analysis. Furthermore, a pair 
of TLD chips was located in the CT room far 
from the source of radiation (>3 m) for mea-
suring the background dose for each patient. 
The uncertainty for the determined dose of 
TLDs was estimated from the standard error 
of repeated measurements and obtained at ± 
2%. Finally, the surface dose for the organ was 
obtained by multiplying the mean values of 
the TLD readouts, ECC, and CF values.

TLDs location on the lead apron
Two lead aprons with a thickness of 0.5 mm 

used in the radiography centers for general 
shielding purposes were folded around the pa-
tient’s testis regions (Figure 1). The superior 
edge of the shield was placed at the top of iliac 
crest and the inferior edge was approximately 
in the middle of the femur. The TLDs were po-
sitioned by a technician. Two groups of TLDs 
were applied during the chest scan to have a 
comparison and definition of the protection 
effect of the shield. To measure the dose val-
ues from testicular region, six TLD-100 chips 
were used for each patient. This was done in 
a way that three TLDs were attached to the 
top surface of the apron as an indicator of tes-
tes’ surface doses without shielding, and three 
TLDs were positioned under the apron (at the 
same location) as an indicator of the doses 
with shielding (Figure 1; A and B). The TLDs 

Parameter Value
Tube voltage (kVp) 130

Effective tube current-time product (mAs) 80
Rotation time (s) 1

Image slice thickness (mm) 5
Pitch 1

CT dose index (CTDIvol, mGy) 5.6 ± 1.5
Dose length product (DLP, mGy.cm) 192 ± 30

Total scan time (s) 9.5 ± 1.1
Scan field of view Large

CT: Computed tomography, CTD: Computed tomography 
dose index, DLP: Dose length product

Table 1: Computed tomography (CT) scan 
parameters used for chest examination for 
all participants 
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were embedded in plastic covers and glued to 
the desired points with leucoplast glue.

Heritable risk estimation
Regarding the “linear no threshold theory” 

[6], imaging with CT scanners, as medical 
devices using ionization radiation, can cause 
genetic and heritable side effects. The risk (RT) 
of genetic effects in future generations was 
obtained by multiplying the mean equivalent 
dose to the testes (HT) by the risk conversion 
factors (fT) obtained from New ICRP recom-
mendations [18] as follows Equation 2:

RT=HT/fT                           (2)

Statistical analysis
Radiation doses to the testicles with and 

without the presence of the lead shielding 
were compared using the Wilcoxon test per-
formed using SPSS software version 16 (IBM, 
USA). The level of statistical significance was 
set at P < 0.05.

Results
Patient compliance was very good and none 

of the patients exhibited pain during the shield 
positioning. Figure 2 illustrates the average 
and standard deviation (± SD) of testicular 
doses with and without using the lead apron 
shielding. According to Figure 2, it is notable 

that there is a variation between the patients’ 
doses. The results of the TLDs showed that 
the mean dose of the testicular region was 0.20 
± 0.04 and 0.46 ± 0.04 mGy, in the presence 
of the apron shield versus without using the 
shield, respectively. This demonstrates that 
using lead apron shielding reduced the radia-
tion exposure of the testes by 56%. Also, it is 
notable that the reduction was statistically sig-
nificant (p < 0.001). Furthermore, in the cur-
rent study, the heritable risk probability was 
obtained at 2.0 ×10-5 % and 4.6 ×10-5 % for the 
patients using the apron shield in comparison 
to without using it, respectively.

Discussion
The number of CT examinations has in-

creased in the last decade, consequently, and 
the incidence of secondary cancer and herita-
ble risks have been dramatically incremented 
[19]. Therefore, according to the ALARA (as 
low as reasonably achievable) principle, it 
is important that the patient exposure to ra-
diation should be avoided unless it is deemed 
necessary [20,21]. 

Based on the National Radiological Protec-
tion Board (NRPB) recommendations, there is 
no such thing as a “harmless radiation dose” 
[8]. Since testes are accounted as one of the 
most sensitive organs, the use of shielding 

Figure 1: The locations of the thermoluminescent dosimeters (TLDs). Without lead apron (A) 
and with lead apron (B).
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techniques is recommended as far as possible 
in all interventional procedures [10,12,16]. Al-
though there are various shields designed for 
gonadal dose reduction, these shields are not 
widely used in CT centers, due to their difficul-
ty of use and accessibility in imaging centers. 
For this reason, we decided to use the common 
lead apron as a testicle shield positioned in the 
testis region during chest CT scans. 

The leaf shields were used in CT scan pro-
cedures, mainly block anterior irradiations, 
however, lateral and posterior X-rays is not 
blocked by these shields. For this reason, we 
have folded the apron two times (thickness = 
1 mm Pb) in the lateral section of the patients 
to prevent higher laterally and posteriorly ori-
ented radiation exposure. 

Although in the current study, the BMIs for 
all patients were approximately the same, they 
can still affect the dose values. This is due to 
the fact that the absorption of scattered radia-
tion would be higher in thick patients com-
pared to thin patients, and this phenomenon 
can affect TLD readouts. The previous studies 
have reported that the body weight or BMI can 
change the gonadal dose values although it is 
not significant [12,22]. Furthermore, CT dose 
index (CTDI) and dose length product (DLP) 
can vary based on patient sizes, consequently, 
these are other factors which influence the re-

sults [23]. We tried to reduce these factors by 
comparing the dose values in the presence and 
absence of the lead shielding for the same the 
patient.

In Table 2, we have summarized some ex-
emplary studies that have investigated the 
various shields’ effects on the testicular dose 
from CT scans in adult patients/phantoms. In 
Table 2, the results of the literature reports, in-
cluding the type of study (patient or phantom), 
scanning protocol, testicular ranging dose 
(mSv), and the percentage of dose reduction 
are depicted. According to Table 2, most of 
the previous studies have investigated the tes-
ticular dose using the phantom, except Hohl 
et al. [12] and Sancaktutar et al. [16] studies 
assessing the testicular dose on the patients at 
routine abdominopelvic MDCT examinations. 
But, in this study, we calculated the patients’ 
testicular dose during the routine chest clinical 
MDCT examinations.

Our results showed that the lead apron shield 
can reduce the testicular dose significantly 
by 56%. The dose reduction, type of study, 
CT scan, and shield have been expressed and 
compared with other related studies below. 

Price et al. [24] have applied a wraparound 
protective device for shielding male Alderson 
phantom gonads. They reported that the doses 
to the gonads were reduced by 77-93% in the 

Figure 2: The mean surface dose (± SD) at the testicular region with and without the lead apron.
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presence of the shield during abdominal and 
pelvic CT examinations. In another study, Hi-
dajat et al. [25] used a Alderson-Rando phan-
tom, and they obtained a 95% reduction dose 
using a 1 mm lead testicular capsule during 
the whole abdomen CT scan.

The dose reduction for testis was 96% in 
Grobe et al. [22] study during the abdomen/
upper pelvis CT scan, which is the highest 
dose reduction among the other studies ex-
pressed in Table 2. In their study, 51 male 
patients participated and used a 1 mm lead 
equivalent of the testicle shield (made of sin-

gle-ply lead rubber). Hohl et al. [12] estimated 
the testicular dose on the patients during rou-
tine abdominopelvic CT scans and used 1 mm 
lead capsule shields. They found that the dose 
decreased by 87% to the gonads in the pres-
ence of the shield. Testicular dose reduction 
was 90.2% in Sancaktutar et al. [16] study. In 
their study, the dose decreased from 69 to 6.8 
mSv when 8 fluoroscopy radiation-protection 
gloves (0.35 mm lead equivalent) were used 
during abdominopelvic CT scan on the pa-
tients. 

A study by Iball et al. [10] is closely similar 

Testicular dose 
(mSv)

Study Study Type Scanning Protocol Year
Without 

shielding
With 

shielding
Reduction 

(%)

Present 
study

Patient study, 
0.5-mm apron 

shield

16-slice spiral, 16×1.2-mm 
collimation, 80 mAseff, 10 kV

2020 0.09 0.04 56

Price et 
al. [24]

Phantom study, 
1-mm wrap-

around apron

Single-slice spiral, 10-mm 
slice thickness, 220 mA, 120 

kV
1999 0.82 0.19-0.05 77-93

Hidajat 
et al. 
[25]

Phantom study, 
1-mm testicular 

capsule

Single-slice sequential, 
10-mm slice thickness, 250 

mAs/slice, 120 kV
1996 1.46 0.07 95

Hohl et 
al. [12]

Patient study, 
1-mm testicular 

capsule

16-slice spiral, 16 × 1.5-mm 
collimation, 150 mAseff, 120 

kV
2005 2.40 0.32 87

Grobe et 
al. [22]

Patient study, 
1-mm wrap-

around circular

16-slice spiral, 16 × 1.5-mm 
collimation, 150 mAs, 120 kV

2009 19.2 0.7 96

Iball et 
al. [10]

Phantom study, 
shield designed 
and 0.7-mm lead

64-slice spiral, 64 × 0.6-mm, 
150 mAseff, 120 kV

2011 0.018 0.001 93

Sancak-
tutar et 
al. [16]

Patient study, 
0.7-mm wrap-
around circular

64-slice spiral, 16 × 1.25-mm 
collimation, 250 mAseff, 120 

kV
2012 69 6.8 90.2

Table 2: Comparison of several studies reporting the details of computed tomography (CT) tech-
nique and dose reduction along with the current study method and results.
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to our research. They investigated the testicu-
lar dose reduction when they used lead apron 
as abdominopelvic shielding during chest CT 
examination. However, they used a RANDO 
phantom for scanning procedures. The maxi-
mum dose reduction was obtained at 93%. 

The main reasons for the differences in dose 
reduction values in the previous studies can 
be related to different shielding types, the re-
gion of imaging, CT parameters, and machine 
types. 

The exposure to ionizing radiation during 
medical imaging procedures may generate 
biological effects such as cell death, degrada-
tion of DNA, and tumorigenesis [26]. Con-
sequently, these effects can increase the indi-
vidual’s lifetime risk of developing cancer or 
a hereditary effect in future generations [27]. 
In the ICRP reports in 2008 (New ICRP rec-
ommendations) [18], the heritable risks are the 
major random radiation damage considered 
for testicles in low dose irradiations. There-
fore, in the current research, we evaluated the 
heritable risks induced by chest CT scans with 
or without using the lead apron shielding. Ac-
cording to the results, although this risk was 
very low without lead apron, the heritable 
risks was reduced significantly in the presence 
of the apron on the testis regions. According 
to the following statement from ICRP recom-
mendation [27]: patient radiation doses must 
be maintained at a minimum value to ensure 
maximum patient protection. Therefore, it 
seems that decreasing the dose and heritable 
risk as much as possible are important during 
the medical ionization radiation procedures.

We did not investigate the radiation dose in 
pediatric testicular regions, and women go-
nadal surface dose using common lead apron 
shielding. Therefore, for future research, it is 
suggested that the lead apron shield should 
be used for a large number of children and 
women, and dose reduction be compared with 
adult patients as well. In addition, dose reduc-
tion in other organs like kidney and liver can 
be assessed for further examination of the lead 

apron usage.

Conclusion
In this study, the researchers focused on 

reducing the testicular region dose using the 
lead gown, used as a common apron in radi-
ology centers. The results demonstrated that 
the dose in testicular region decreased signifi-
cantly during the chest MDCT scan when the 
shield was used. It is notable that this decrease 
was 56% (2.3 times). Therefore, we recom-
mend routine use of lead apron shield as an 
appropriate gonadal shield in male patients 
undergoing chest MDCT examinations.
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