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ORIGINAL ARTICLE / ÖZGÜN ARAŞTIRMA

A questionnaire study about gonadal shield use of urologists

Ürologların gonad kalkanı kullanımı hakkında bir anket çalışması

Ahmet Ali Sancaktutar1, Tevfik Ziypak2, Şenol Adanur2, Haluk Söylemez1, Cihat Hamidi3,
Yaşar Bozkurt1, Murat Atar1, Mehmet Nuri Bodakçi1

ÖZET

Amaç: Amacımız Türkiye’de gonad kalkanı kullanma ko-
nusunda ürologların dikkat, farkındalık ve hassasiyet dü-
zeylerini belirlemektir.

Gereç ve yöntem: Bu amaçla 15 sorudan oluşan bir an-
ket formu hazırlandı. Bu formlar bir ulusal üroloji kongre-
sine katılan ürologlara dağıtıldı. Toplam 271 katılımcıdan 
yüz yüze görüşme sonucu elde edilen veriler incelendi.

Bulgular: 271 katılımcıdan 33’ü profesör, 36’sı doçent, 
36’sı yardımcı doçent, 94’ü uzman ve 81’i asistan idi. 
Katılımcıların %22’si bu konuda daha önce gonad kalka-
nı hakkında, bilgi sahibi değildi. %44’ü tıp fakültesinde, 
%14’ü asistanlık döneminde ilk kez bilgi sahibi olmuştu. 
%64 katılımcı gonad kalkanı konusunda hiçbir makale 
okumamıştı. %54’ü ise daha önce hiçbir gonad kalkanı 
modeli görmemişti. %82’si hastanelerinde böyle bir apa-
ratın olmadığını veya kullanmadıklarını belirtti. %18’i ise 
gonad kalkanı kullandıklarını belirtti. Ürologların %80’i 
‘’kendinizi ve meslektaşlarınızı gonad kalkanı kullanma 
konusunda yeterince dikkatli ve hassas buluyor musu-
nuz? ‘’ sorusuna hayır cevabını verdi.

Sonuç: Türkiye’deki ürologlar arasında gonad kalka-
nı kullanma konusunda farkındalık ve hassasiyet yeterli 
düzeyde değildir ve bu yüzden kullanımı yaygın değildir. 
Ürologlar gonad koruyucu araçlar hakkında ürolojik aka-
demik platformlar tarafından bilgilendirilmelidir.

Anahtar kelimeler: Gonad kalkanı, radyasyon, ürolog, 
anket çalışması

ABSTRACT

Objectives: Our aim is to reflect routines, awareness, 
and consciousness level of urologists about usage of go-
nadal shield (GS) in Turkey.

Materials and methods: Because of this objective a 
questionnaire which includes 15 questions was prepared. 
The questionnaire was delivered to urologists in a Turkish 
Urology congress. Data derived from 271 urologists by 
face to face interview were evaluated.

Results: Participant were urologists (n=271), consisted 
of professors (n=33), associate professors (n= 36), assis-
tant professors (n= 36), specialists (n=94), and residents 
(n=81). According to the data obtained from the question-
naires, 22% of the participants acquired their first infor-
mation about GS as a medical student, 44% during their 
residency training, and 14% of them had no information 
about GS at all. Besides 64% of them did not read any 
medical article about this subject until that time, and 54% 
them practically hadn’t seen any GS during their urology 
practice. In 82% of the hospitals where participants were 
working hadn’t had any GS, and 18% of the urologists 
had indicated that GS was available in their hospitals, and 
they used them once in a while. Urologists responded fa-
vorably (20%) or unfavorably (80 %) to the question of ‘Do 
you find yourself or your colleagues adequately sensitive, 
and mindful about GS use?

Conclusions: Sensitivity and awareness about use of 
gonadal shields among Turkish urologists are not at a 
desired level and for this reason, it is not used widely. 
The urologists should be informed in urological academic 
platforms about gonad protecting devices.

Key words: Gonad shield, questionnaire survey, radia-
tion, urologist
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INTRODUCTION

Thanks to the technological developments, radio-
logical imaging modalities are used more frequently 
in the examination, and treatment of diseases.1 In 
recent years in almost all fields of medicine, a shift 
from conventional methods to minimally invasive 
methods has been realized. Similarly, a trend to-
wards minimally invasive methods in the diagnosis, 
and treatment of urologic abnormalities has been 
observed. For example, instead of kidney ureter 
bladder graphy (KUB), computerized tomography 
(CT) and in lieu of stone surgery electroshock wave 
lithotripsy (ESWL), percutaneous nephrolithotomy 
(PCNL), or retrograde intrarenal surgery (RIRS) are 
preferred.2 This trend towards noninvasive methods 
has necessitated more frequent use of ionized radia-
tion.3 Especially in the diagnosis, and treatment of 
the diseases requiring uninterrupted monitorization 
(ie. Vesico-ureteral reflux) or those progressing with 
recurrences (ie. urolithiasis) radiological imaging 
modalities must be used more often. Frequent use 
of radiological examinations exposes urogenital 
system (especially testes-ovaries) to the hazards 
of radiation.4 Particularly, during interventions 
performed in prone position (PCNL and ESWL) 
gonads are exposed to radiation from a very short 
distance. This issue should be considered more se-
riously in the pediatric patients with a small body 
surface area.

 Beneficial, as well as deleterious effects of 
radiation used in the diagnosis, and treatment of 
diseases have been demonstrated.5 In the UK, ev-
ery year nearly 250-300 cases of death have been 
demonstrated to be related to direct exposure to 
medical radiation.6 Because of cumulative effects 
of radiation, especially in the pediatric age group, 
and reproductive age this issue is more important.7 
In human body, gonads are one of the most vulner-
able tissues against radiation. Even with doses used 
in radiological examinations, gonadal exposure to 
radiation might result in gonadal damage, and ge-
netic mutation.7 In addition, both experimental, and 
clinical studies demonstrated permanent or tran-
sient adverse effects of radiation on male, and fe-
male fertility.8 Therefore in all radiological studies 
routine use of gonadal shields are recommended.9 
With these protective methods, testes are exposed to 
8-10-fold decreased doses of radiation.10

The effects of radiation exposure during in-
terventional radiological procedures have not 
been elucidated yet. Therefore it is not definitively 
known which radiation dose harms what patient at 
what time. Therefore most of the physicians believe 
that even a single radiogram carries a risk though of 
small magnitude. As a result, the axiom of ALARA 
(as low as reasonably achievable) is accepted as a 
gold standard in the radiology practice.11

Even though harmful effects of radiation on go-
nads, and effective protection provided by gonadal 
shields (GS) have been recognized, these protective 
devices haven’t entered into routine use. This is an 
interesting, and curious phenomenon. In the litera-
ture many questionnaire surveys measuring level of 
information of the physicians, and other healthcare 
professionals about radiation exposure are avail-
able.12-14 However any study profiling the routine, 
and awareness of GS usage has not been performed 
yet.

Our aim is to reflect routines, awareness, and 
consciousness level of urologists about usage of GS 
in Turkey.

MATERIALS AND METHODS

For this questionnaire survey, approval of the Eth-
ics Committee was obtained from Dicle University 
School of Medicine.

For this survey a national andrology congress 
with global participation was chosen. One week be-
fore the first day of the congress, congress secretary 
was informed about our request of conducting a 
survey. After obtaining secretariat’s permission, we 
conducted the survey.

Questionnaire forms consisting of 15 items 
were distributed to 305 urologists, who participated 
in the congress organized in June, 2011. Each par-
ticipant was informed briefly about the contents of 
the questionnaires. The participants were requested 
to complete questionnaire forms without mention-
ing their names, and institutions they worked. Ques-
tionnaire forms were retrieved during breaks. The 
participants were informed that data obtained from 
this questionnaire survey will be used in scientific 
studies. Questionnaire forms inquired age, institu-
tion, and duration of urology practice of the partici-
pants. They contained questions about the follow-
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ing items; number of medical articles/papers read 
about gonadal shields, their usage routines of GSs, 
frequencies of their use, related sensitivities on their 
usage, whether or not they believed the necessity of 
gonadal shield usage or inquired their infertile male 
patients about their exposure to radiation.

Questionnaire form used in the study is shown 
in Table 1.

Academic titles of the participants were com-
paratively matched with the responses they have 
provided.

RESULTS

Questionnaire forms were allocated to 305 urolo-
gists, and 23 (7.5%) of them declined to complete 
these forms. Eleven (3.6%) urologists completed 
these forms erroneously. Participant urologists 
(n=271) consisted of professors (n=33), associate 
professors ( n= 36) , assistant professors (n= 36), 
specialists (n=94), and residents (n=81).

Mean age of the participants (37.2 years), and 
mean duration of their professional practice (8.7 
years) were recorded. The participant urologists 
were working in the university hospitals (n=127), 
state hospitals (n=91), or training, and research hos-
pitals (n=53). All of the participants were male.

According to the data retrieved from the ques-
tionnaires, 22% of the participants acquired their 
first information about GS as a medical student, 
44% during their residency training, and 14% of 
them had no information about GS at all. Besides 
64% of them did not read any medical article about 
this subject till that time, and 54% them practically 
hadn’t seen any GS during their urology practice. In 
82% of the hospitals where participants were work-
ing hadn’t had any GS, and 18% of the urologists 
had indicated that GS was available in their hospi-
tals, and they used them once in a while. Eighty-
seven percent of the participants defined themselves 
as indifferent to GS use, while 47 of them believed 
that GS must be used during radiological examina-
tions. Fifty- one percent of the participants thought 
that GS use is partially useful, and 2% of them 
stated that GS use was not required at all. Ninety-
five percent of the participants indicated that they 

wished GS to be used when an abdominal CT was 
required from their intimates or children. Sixty-
six percent of the urologists believe that GS use 
in radiology units might even change the patients’ 
hospital preferences. Urologists’ responses to the 
question ‘Why do you think that gonadal shields are 
not used frequently?” were recorded as negligence 
(60%), masked urogenital region (34%), and their 
insufficient knowledge (25%) about GS use. Ac-
cording to the questionnaire survey, urologist par-
ticipants always (22%) or occasionally (44%) ask 
their male patients consulted to them because of in-
fertility about radiation exposure, and their related 
occupations. While 22% of the urologists had never 
inquired about radiation exposure.

Urologists responded favorably (20%) or unfa-
vorably (80%) to the question: ‘Do you find your-
self or your colleagues adequately sensitive, and 
mindful about GS use?’

Majority (78%) of the participants believed, 
but the rest (22%) wasn’t convinced that frequent 
radiological examinations might lead to infertility 
in the long-term. Eighty- three percent of the partic-
ipants believed that neglecting GS use during fluo-
roscopic procedures might potentially lead to legal 
suits. Ninety-seven percent “yes” responses were 
obtained for the question ‘Are you interested in any 
scientific debate about ‘urology, and radiation expo-
sure’ in any a scientific meeting or a congress? This 
response rate was the same throughout all academic 
groups.

Responses to the questions included in the 
survey were matched with academic titles of the 
participants (Table 2-4). Accordingly, in the group 
consisting of participants with the highest academ-
ic degrees, the level of knowledge, and sensitiv-
ity about GS use were higher. For example among 
professors, mean number of articles read about GS 
were 3.1, while among residents it dropped down to 
0.87. Professors (66%), associate professors (51%), 
assistant professors (44%), urologists (30%), and 
residents (19%) questioned their patients about ra-
diation exposure in the order of decreasing frequen-
cy as indicated. Participants in all academic groups 
believed the necessity of using GS at nearly similar 
percentages (98%).
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Table 1. A questionnaire investigating attitudes and conscious -awareness of Urologists in Turkey related to the usage 
of Gonadal Shields (GS)

1 In your professional life when have  you first got informed about GS ? When I was a
     a. Medical Student        b. Resident         c. Urologist        d. at a later date

2 Up to now how many medical articles have you read about GSs?
     a. None            b. 1                c. 2                  d. 3                e. ≥ 4

3 Have you ever seen a GS product in your urologic practice?
     a. Yes                                 b. No

4 Is GS available for the patients in the health care institute you are working for?
     a. Yes                                 b. No

5 Are you using a GS with the aim of protecting your patients from radiation exposure during an intervention requir-
ing fluoroscopic imaging? 
     a. I have never used     b. I’ve been using occasionally     c. Most of the time I am using

6 Do you think/believe that GK use is an absolute necessity?
     a. Absolutely necessary             b. Its use is beneficial                     c. Not at all

7 If you had a GS in your operating room for your patients, would you use it during PCNL or RIRS procedures?
     a. Yes                                 b. No

8 If during a PCNL procedure or an abdominal CT examination performed on your child or an intimate friend, a GS 
is required, would you required this GS to be used?
     a. Yes                                 b. No

9 Do you think that GS usage during radiological examination or fluoroscopy will effect patient’s preference for that 
hospital? 
     a. Yes                                 b. No

10 Do you think that you, and other urologists are adequately sensitive about GS use during interventions requiring 
fluoroscopy?
     a. Yes                                 b. No

11 Why GSs are not used frequently? (more than one option can be ticked)
     a. Costly                         b.  Difficult to use            c. Negligence, and indifference
     d. Not required                e. Difficult to obtain         f. Masks urogenital field of vision

12 Do you direct your infertile patients questions about previous or current radiation exposures (frequent radiologic 
examinations, radiotherapy)?
     a. Always                        b. Occasionally                c. Never

13 If a male patient who had necessarily undergone frequent radiologic examinations (IVP, CT, VCUG) without go-
nadal shield protection, consult to you years later with infertility problems, would you think that GS disuse is a 
causative factor for his infertility?
     a. Yes                                 b. No

14 Does a workshop organized on “Urology and Radiation Exposure” in a urology congress attract your attention?
     a. Yes                                 b. No

15 Do you think that disuse of GS during fluoroscopic interventional procedures can raise legal issues between pa-
tient, physician, and insurance company? 
     a. Yes                                 b. No

Table 2. Numbers of medical article read about gonadal shields (GSs)

Question: Up to now how many medical articles have you read about GSs?

Participant / Answer None 1 2 3 ≥ 4

Professor, n=33 - 10 7 6 10

Associate professor, n= 27 2 10 8 6 1

Assistant professor, n= 36 11 12 6 3 4

Specialist, n= 94 32 33 22 3 4

Residents, n= 81 66 9 4 2 -

Total n=271, % 111 (41%) 74 (27%) 47 (17%) 20 (8%) 19 (7%)



A. A. Sancaktutar et al. Gonadal shield use in urologists 489

Dicle Tıp Derg / Dicle Med J 	  www.diclemedj.org	  Cilt / Vol 39, No 4, 485-491

Table 3. Frequency of using gonadal shields (GSs)

Question: Are you using a GS with the aim of protecting your patients from radiation exposure 
during an intervention requiring fluoroscopic imaging?

Answer Always Occasionally Never

n= 271, % 10 (4%) 38 (14%) 223 (82%)

Table 4. Why gonadal shields (GSs) are not used frequently? (more than one option can be ticked)

Answer Costly Difficult to use Not 
 required Neglect Masks urogenital

 field of vision
Insufficient
 knowledge Difficult to obtain

n=271, % 21 (7%) 98 (36%) 12 (4%) 180 (85%) 66 (24%) 71 (26%) 27 (10%)

Indifference about protection from radiation 
can be attributed to various factors. In the literature, 
a questionnaire survey conducted among medical 
students, and primary care physicians revealed that 
fundamental radiological knowledge of participants 
was very limited. The authors interpreted this result 
as an insufficient medical training on the hazards of 
radiation exposure.19 In our study, 88% of the par-
ticipants had not receive any information about GS 
during their medical education, while 32% of them 
admitted that they had got informed about the sub-
ject during their residency. This conclusion cast sus-
picions about inadequacy of the notion of radiation- 
conscious awareness created during medical educa-
tion, and training both in our country, and abroad. 
We believe that more comprehensive informative 
and consciousness raising efforts should be imple-
mented about radiation hazards beginning from the 
time of enrollment into medical faculty extending 
through every step of medical training. In a litera-
ture study, it was shown that training programs on 
protection from radiation significantly enhanced the 
degree of awareness, and vigilance for hazards of 
radiation exposure.20 Also in our study, the number 
of articles read about GSs have increased, in paral-
lel with the academic career of the participants. In 
parallel with this finding, an increase in the level of 
sensitivity about GS usage was observed. Accord-
ingly, the frequency of GS usage was at its highest 
level among professors, and at its minimum among 
residents. These data emphasize the importance of 
training on this subject, and also demonstrate that 
with proper scientific support this indifference can 
be overcome. Medical faculties, and other resident 
training, and research hospitals, and health care in-
stitutes must assume important tasks.

DISCUSSION

Since discovery of X-rays by Roentgen in 1895, ap-
plication of radiological techniques has almost be-
come an indispensable tool in the field of medicine.15 
Since then, ionizing radiation has been employed as 
a first choice in the diagnosis of many diseases, and 
treatment of some types of malignancies.16,17 Thus, 
imaging techniques using ionizing radiation are be-
ing used more frequently. For example in the USA, 
number of CTs performed escalated from 3.6 mil-
lion in 1980, and 13 million in 1990 up to 33 million 
in 1998.15 Although a similar investigation has not 
been conducted in our country, we guess that similar 
trend is still in vogue. Indeed, healthcare institutes, 
and radiology units are becoming more prevalent, 
and also perioperative imaging techniques are being 
used more frequently because of increased number 
of endoscopic surgeries performed.

Even though deleterious effects of ionizing ra-
diation on human body (especially on gonads) are 
recognized by almost everyone,8 adequate aware-
ness of potential hazards of radiation exposure is 
debatable.

In the literature, many studies are available 
which evaluate awareness, and levels of knowledge 
about medical radiation procedures among health 
care professionals (predominantly physicians).16-18 
A striking conclusion that can be derived from these 
studies reveals that radiation conscious-awareness 
is not sufficiently stronger among physicians, and 
health care professionals. In our study, similarly, 
80% of the urologists indicated that their conscious, 
awareness, and sensitivities about GS use were not 
satisfactory.
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Clinical trials have demonstrated that occu-
pational exposure to radiation can affect fertility 
potential at various degrees ranging from transient 
oligospermia to permanent infertility. For example, 
among radar operators exposed to harmful effects of 
radiation, serious impairment of semen parameters, 
and also DNA damage were detected.21 In another 
trial, chromosomal abnormalities were detected 
in peripheral blood cells of hospital professionals 
chronically exposed to lower doses of radiation.22 
Especially individuals chronically exposed to lower 
doses of radiation carry serious risks. Therefore dur-
ing radiological interventions involving urogenital 
region in the reproductive period, gonadal shields 
are strongly recommended.23 Twenty-two percent of 
our participant urologists indicated that they hadn’t 
directed any question to their infertile patients about 
their potential radiation exposures Half of the par-
ticipants indicated that they had from time to time 
questioned their patients about this issue. This find-
ing suggests priority of radiation exposure in history 
taking process of infertile male patients. Therefore, 
we believe that the adverse effects of radiation in 
infertility should be repeatedly emphasized in sci-
entific platforms.

In the literature limited numbers of studies have 
investigated the usage of gonad protective devices.10 
Gonadal shields are available in various types such 
as plaques, blankets, wrap-around, clam-shell types. 
A literature study has demonstrated that most of the 
time gonadal shields are not used widely or they are 
positioned erroneously.24 A separate study indicated 
that GS use was impractical, and it covered the oper-
ative field of vision.25 We have also arrived at similar 
conclusions. Accordingly, as reasons for infrequent 
use of gonadal shields, 74% of our participants sug-
gested their complicated application, and coverage 
of urogenital field of vision. For an urologist, this 
problem will become a prominent issue in interven-
tions involving urogenital region. Literatures stud-
ies together with ours suggest that GS models used 
in the previous studies were not ideally designed. 
Application of clam-shell, and plaque type GSs pos-
es difficulties especially for procedures performed 
in the lithotomy or prone positions. As indicated in 
the literature, gonadal shields in the form of plaques 
does not protect against laterally directed radiation 
beams.26 Ideally we thought that an ideal GS should 
enclose the testes from all sides without cover-
ing urogenital region. We agree that a R&D study 

should be performed on this issue in collaboration 
with urologists, and radiology engineers.

Literature data have demonstrated that even a 
single abdominal CT carries a risk of carcinogenetic 
development with an incidence of 1/2500.27 Accord-
ing to data provided by National Radiological Pro-
tection Board (NRPB) in all interventional proce-
dures usage of a gonadal shield is recommended far 
as possible. Based on the declaration of this com-
mittee there is no such thing as “harmless radiation 
dose”.28 Accordingly, every radiological examina-
tion carries a risk though at a minimal level. Our 
study participants believed that 98% of radiologi-
cal procedures pose a potential risk for the patient’s 
health state. Possibly because of this belief, 87% 
of the participants thought that refraining from GS 
use during interventional procedures might lead to 
legal suits in the long run. Indeed, as admitted by 
80% of the participants the reasons for refraining 
from GS use were negligence, and indifference. As 
already known, according to the laws, negligence’s 
during diagnostic, and /or therapeutic processes call 
for material, moral, and legal sanctions. In consid-
eration of increased awareness of patients’ rights in 
public, neglected use of GS might lead to the im-
plementation of legal sanctions. We are convinced 
that national associations of urology, and radiology 
should organize a collaborative relevant workshop 
with legislative bodies.

One of the interesting data we obtained from 
this questionnaire survey was that most of the urolo-
gists believed that GS use might even influence pa-
tients’ hospital preferences. This issue of GS use 
should be clarified by interrogating with the patients 
and normal healthy individuals as well. This phe-
nomenon is the subject matter of another separate 
study.

Literature reviews have demonstrated that 
training programs are important steps towards in-
creasing awareness about the hazards of the radia-
tion exposure.29,30 Also in our study, 97% of the par-
ticipants were willing to attend sessions on “Urolo-
gy, and Radiation Exposure” in scientific meetings. 
This intensive demand indicates candide efforts of 
urologists in understanding, and solving this chal-
lenging issue.

Sensitivity and awareness towards use of go-
nadal shields among Turkish urologists are not at a 
recommended level. For this reason, it is not used 
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widely. Training programs should be instituted be-
ginning from medical faculties up to every stage 
of urology profession, and physicians’ degree of 
awareness about this issue should be promoted. We 
think that with scientific and academic support, de-
gree of consciousness, and awareness of the phy-
sicians to deleterious effects of radiation exposure 
might surge rapidly. For the realization of this end, 
an pioneer role is anticipated from urologic or ra-
diological scientific platforms Willingness of the 
urologists to participate in training programs is an 
encouraging step towards solution of this issue.

REFERENCES
1. Andrews SF, Horwitz EM, Feigenberg SJ, et al. Does a de-

lay in external beam radiation therapy after tissue diagnosis 
affect outcome for men with prostate carcinoma? Cancer 
2005; 104(2):299-304.

2. Mamut AE, Afshar K, Mickelson JJ, Macnelly AE. Surgical 
case volume in Canadian urology residency: a comparison 
of trends in open and minimally invasive surgical experi-
ence. J Endourol 2011; 25(6):1063-7.

3. Ferrandino MN, Bagrodia A, Pierre SA, et al. Radiation ex-
posure in the acute and short-term management of uroli-
thiasis at 2 academic centers. J Urol 2009; 181(2):668-72.

4. Goodhead DT. Understanding and characterisation of the 
risks to human health from exposure to low levels of radia-
tion. Radiat Prot Dosimetry 2009(1-2); 137:109-17.

5. Hirschmann PN. Transfer of radiographs. Br Dent J 
1999;187(9):463-4.

6. Richardson RB. Past and revised risk estimates for cancer 
induced by irradiation and their influence on dose limits. Br 
J Radiol 1990; 63(748):235-45.

7. Almen A, Mattsson S. The radiation dose to children from 
X-ray examinations of the pelvis and the urinary tract. Br J 
Radiol 1995; 68(810):604-13.

8. Mazonakis M, Damilakis J, Varveris H, Gourtsouiannis N. 
Radiation dose to testes and risk of infertility from radio-
therapy for rectal cancer. Oncol Rep 2006; 15(3):729-33.

9. Sharp C, Harrison J. NRPB will provide advice on radia-
tion. National Radiological Protection Board. BMJ 1995; 
311(7015):1300.

10. Hohl C, Mahnken AH, Klotz E, et al. Radiation dose reduc-
tion to the male gonads during MDCT: the effectiveness of 
a lead shield. AJR Am J Roentgenol 2005; 184(1):128-30.

11. Musolino SV, DeFranco J, Schlueck R. The ALARA prin-
ciple in the context of a radiological or nuclear emergency. 
Health Phys 2008; 94(2):109-11.

12. Arrangoiz R, Opreanu RC, Mosher BD, Morrison CA, Ste-
vens P, Kepros JP. Reduction of radiation dose in pediatric 
brain CT is not associated with missed injuries or delayed 
diagnosis. Am Surg 2010; 76(11):1255-9.

13. Dunn PM. Wilhelm Conrad Roentgen (1845-1923), the dis-
covery of x rays and perinatal diagnosis. Arch Dis Child 
Fetal Neonatal Ed 2001; 84(2):138-9.

14. Hadamitzky C, Pabst R, Vogt PM, Radtke C. Treatment op-
tions for head and neck lymphoedema after tumour resec-

tion and radiotherapy. J Plast Reconstr Aesthet Surg 2011; 
64(9):1226-7.

15. Rogers LF. Dose reduction in CT: how low can we go? AJR 
Am J Roentgenol 2002; 179(2):299.

16. Wong CS, Huang B, Sin HK, Wong WL, Yiu KL, Chu Yiu 
Ching T. A questionnaire study assessing local physicians, 
radiologists and interns’ knowledge and practice pertaining 
to radiation exposure related to radiological imaging. Eur J 
Radiol 2012; 81(3):264-8.

17. Heyer CM, Hansmann J, Peters SA, Lemburg SP. Paediatri-
cian awareness of radiation dose and inherent risks in chest 
imaging studies--a questionnaire study. Eur J Radiol 2010; 
76(2):288-93.

18. Shiralkar S, Rennie A, Snow M, Galland RB, Lewis MH, 
Gower-Thomas K. Doctors’ knowledge of radiation expo-
sure: questionnaire study. BMJ 2003; 327(7411):371-2.

19. McCusker MW, de Blacam C, Keogan M, McDermott R, 
Beddy P. Survey of medical students and junior house doc-
tors on the effects of medical radiation: is medical educa-
tion deficient? Ir J Med Sci 2009; 178(4):479-83.

20. Schindera ST, Treier R, von Allmen G, et al. An education 
and training programme for radiological institutes: impact 
on the reduction of the CT radiation dose. Eur Radiol 2011; 
21(10):2039-45.

21. Liu X, Yan SW, Ding XP, Zhang N, Lu HO, Tang J. [Evalu-
ation of radiation damage to the sperm DNA of radar opera-
tors]. Zhonghua Nan Ke Xue 2003; 9(7):494-6.

22. Kasuba V, Rozgaj R, Jazbec A. Chromosome aberrations 
in peripheral blood lymphocytes of Croatian hospital staff 
occupationally exposed to low levels of ionising radiation. 
Arh Hig Rada Toksikol 2008; 59(4):251-9.

23. Clarke J, Cranley K, Robinson J, Smith PH, Workman A. 
Application of draft European Commission reference levels 
to a regional CT dose survey. Br J Radiol 2000; 73(865):43-
50.

24. Fawcett SL, Barter SJ. The use of gonad shielding in 
paediatric hip and pelvis radiographs. Br J Radiol 2009; 
82(977):363-70.

25. Wainwright AM. Shielding reproductive organs of ortho-
paedic patients during pelvic radiography. Ann R Coll Surg 
Engl 2000; 82(5):318-21.

26. Theocharopoulos N, Perisinakis K, Damilakis J, Papa-
dokostakis G, Hadjipavlou A, Gourtsoyiannis N. Occu-
pational exposure from common fluoroscopic projections 
used in orthopaedic surgery. J Bone Joint Surg Am 2003; 
85(9):1698-703.

27. Harrison RM. Low energy X-ray depth dose data for use in 
radiotherapy--comments on the review of BJR Supplement 
17. Br J Radiol 1997; 70(837):946-9.

28. Wall BF, Hart D. Revised radiation doses for typical X-
ray examinations. Report on a recent review of doses to 
patients from medical X-ray examinations in the UK by 
NRPB. National Radiological Protection Board. Br J Ra-
diol 1997; 70(833):437-9.

29. Dunn J, Steginga SK, Rose P, Scott J, Allison R. Evaluating 
patient education materials about radiation therapy. Patient 
Educ Couns 2004; 52(3):325-32.

30. Stoeva M, Cvetkov A. e-Learning system ERM for medi-
cal radiation physics education. Med Eng Phys 2005; 
27(7):605-9.


