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Review paper

Physician Knowledge of Radiation Risk in prescribing
CT Imaging in Moroccan Hospitals.

ABSTRACT

Aims: This study was aimed to assess physicians’ knowledge on patients’ radioprotection during their
computed tomography (CT) scan prescriptions.

Material and Methods: A standardized questionnaire in multiple-choice format consisted of four
sections with a total of eight questions based on the literature review. A total of 153 (59%)
questionnaires were returned from six different hospitals in Morocco.

Results: Only 38% of prescribers took into account the ratio benefit/risk related to x-rays. Just 10% of
doctors explained the risk related to x-rays to the patients. One out of four physicians has correctly
estimated the effective dose received by patient during a CT scan of abdomen pelvic examination.
63% of physicians underestimated the lifetime risk of fatal cancer attributable to a single CT scan of
the abdomen pelvic. Only 14% of practitioners have received formal training on risks to patients from
radiation exposure.

Conclusion: The present study demonstrated the limited knowledge of radiation exposures among
Physicians’ and Residents and a need to improve their knowledge by means of targeted training and
education.

KeyWOI’dS: Medical Exposure, CT scan, Patients’ Radioprotection, x-ray risks.

1. INTRODUCTION

Every year the number of patients undergoing diagnostic radiology is increasing, in particular
computed tomography (CT) scanning [1,2]. Radiation doses per scan have increased by up to 40%
although the improvements in CT scanning technology [3]. The multidetector CT scanners have the
potential to expose patients to higher radiation doses than older single-detector CT scanners,
despite the technological advances realized today in the scanner industry [4].

In any diagnostic procedure the dose of radiation given should be enough to answer the relevant
clinical question but as low as reasonably achievable to minimise the risk to the patient [5].
Modern imaging equipment allows adjustment for patient size and anatomy [6]. This is important, as
the lifetime attributable risk of fatal cancer for children exposed to radiation is substantially
higher than for adults [7].

From epidemiological data, the smallest dose of x-radiation for which there is good evidence
of carcinogenicity is around 10-50 mSv for a severe exposure and around 50-100 mSv for a
prolonged exposure. Thus, the probability of developing cancer after x-ray examinations depends on
the dose and duration of the exposure. The dose received during one chest radiograph is 0.02 mSv and
that for an abdominal CT is 9 mSv [8]. The lifetime attributable risk (LAR) of carcinogenesis from
radiation exposure also varies in different age groups. The radiation-induced lifetime cancer mortality
was estimated to be around 1/1000 from pediatric CT scanning [9]. This is about double the risk for
adults [10].

Despite it has long been approved that ionizing radiation is a confirmed human carcinogen, growing
interest has been expressed in the literature that although the increased use of radiological imaging in
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clinical practice [11], the knowledge medical professionals possess concerning the radiation doses
delivered during different radiological procedures is inadequate [12,13], regardless of the fields of
expertise.

Alarmingly studies from the United Kingdom and the United States have suggested that there is a
very common underestimation of radiation doses among physicians and pediatricians.3, 14]. 75% of
pediatric surgeons underestimated the radiation dose from a CT scan compared to that from a chest
radiograph, during a study published in the Journal of Pediatric Surgery in 2007 [15]. Moreover, the
risks associated with CT scanning in general did not discussed by most of the physicians with their
patients. In Clinical Radiology 2004 a questionnaire study showed that, only 12.5% of doctors were
conscious of the 1/2000 risk of induction of a fatal cancer from abdomen CT scan [16]. Another
study, in which patients undergoing CT of the abdomen were surveyed, published in Radiology 2004,
showed that only 7% of these patients were received information’s about the risks and benefits of a
CT scan. Important to constante that in the above studies many of the physicians interviewed
underestimated the radiation patients are exposed to [17, 18, 19]. Another study showed that training
sessions in patients' radiation protection could significantly improve physicians’ awareness [20].

It is very important that physicians who request radiological imaging are well trained in
deciding whether diagnostic imaging is indicated, but also have an accurate knowledge of the
associated risks. This is especially significant in each health structure, where many radiological
imaging exams are requested each day, often in a time-pressured environment.

The lack data on medical radiation exposure [21-23] and on doctors’ knowledge and their related
work practices in Morocco [24] pushed us to undertake the current study. Given the diversity in
experience, background and training of doctors who work in Moroccan Hospitals, we aims at gaining
insight into physicians’ overall understanding of risks to patients from radiation exposure, their
training in this regard, and their practices of requesting diagnostic imaging and informing patients of
risks.

2. Material and Methods
2.1 Participants

Medical Specialists, Surgeons, general practitioners and Residents working in six different
hospitals in Morocco were selected at random and were asked to fill out the anonymous
questionnaire, which took~5 min. They were not pre-informed about the questionnaire and
were supervised while completing the form to ensure their answers were unaided. A total of
153 questionnaires were completed out of 260 administered in paper format, 56 Medical
specialists (i.e. Radiotherapist, Oncologist, Nuclear Medicine, Paediatrics, Dermatologist,
Traumatologist and Neurologists), 48 General practitioners, 35 Surgeons and 14 Residents.
Their years in practice ranged from 0 to >25 years.

2.2 Questionnaire

A standardized questionnaire in multiple-choice format consisted of four sections with a total of eight
questions based on the literature review. The 14 sections of the questionnaire were designed to
evaluate the current practice regarding the prescriptions of CT examinations of the patients. The
questionnaire covered four main areas. The first requested demographic data of prescriber (Institution,
service, gender, qualification, years of experience). The second part included questions and it aimed at
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investigating how frequently doctors prescribe CT scans, use a guide of medical imaging
examinations before prescription. Also it focused on their knowledge of use of ratio benefit / risk of x-
rays and asked if patients were routinely informed about possible health risks. The third tackled
doctors’ knowledge on radiation doses which can be assessed in two approaches: On the one hand
participants were asked to compare the average effective dose received during CT scan of Abdomen
pelvic and Radiography Skull examinations which have been evaluated at DSf~11 mSv and
DE. =0,07 mSv respectively [25]. On the other hand evaluate the average effective dose of received
during CT scan of Abdomen pelvic examination. The fourth dealt with prescribers’ knowledge of the
risk of cancer induction after one CT scan of Abdomen pelvic examination. Also, we asked doctors if
they had received training with regards to radiation protection. Each question had at least three
multiple choice answers with one correct answer, except the questions of the first and the fourth main
areas was dichotomous (i.e. yes/no).

3. RESULTS AND DISCUSSION
3.1 The study population

A total of 153 (59%) questionnaires were completed out of 260 administered. There were 93 men (sex
ratio 1.55). The mean professional-experience of respondents was 11,76 + 2,43 years with 58%
among them having more than 10 years experience. Among the 153 participants, 37% were Medical
Specialists, 31% General practitioners 23% Surgeons, and 9% Residents.

3.2 Current prescribers’ practice regarding CT examinations.

The question aimed at the prescription of CT for patients. 95% of the practitioners’ responders
indicated that they prescribe CT examinations for patients during their exercises. concerning the use
of a guideline, the doctors were asked to prescribe less irradiating exam. 90% of physicians do not use
the guideline during CT prescriptions. About 38% of prescribers indicate always, 48% sometimes and
12% never when asked whether they take into account the ratio benefit/ risk related to x-rays during
CT scan prescription. Regarding the take into account the ratio benefit/risk of x-rays during the
prescription of a CT scan physicians answers can be summarized as follows:

- Always by 34 % of Surgeons, 43 % of Medical specialists, 40% of the General practitioners
and 14 % for Residents.

- Sometimes by 46 % of Surgeons, 38% of Medical Specialists, 48 % of General practitioners
and 86 % for Residents.

- Never by 17 % of Surgeons, 16 % of Medical Specialists, 8 % of the General practitioners
and 0 % for Residents.

About the explanation to the patients of the risk related to x-rays and the ratio benefit/risk during CT
scan prescriptions, only 10% of prescribers indicate always, 57% sometimes, 30% never and 3% have
not reported any response.

The answers of Medical referring concerning explanation to the patients of the risks associated with x
-rays and report benefit/risk that resulted during the prescription of a CT scan can be summarized as
follows:
- Always by 4 % of Surgeons, 7 % of Medical specialists, 19 % of the General practitioners and
0 % for Residents.
- Sometimes by 57 % of Surgeons, 46% of Medical Specialists, 60 % of General practitioners
and 86 % for Residents.
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- Never by 37 % of Surgeons, 43 % of Medical Specialists, 17% of the General practitioners
and 7 % for Residents.

3.3 Knowledge of doses and health risks related to radiation by doctors.

Firstly, participants were asked to give an estimation of the average dose received by patient during an
CT scan of abdomen pelvic compared to the dose of a standard chest x-ray radiograph in an adult
(DE.=0.07 mSv). A total of 18 % answered correctly (7<DSE<11 mSv), while 46% underestimated
it, 11% overestimated it, and 25 % had any idea about the dose received during CT Scan of Abdomen
pelvic examination (Table 1). Moreover, the rate of any idea equivalent to the group Residents,
General practitioners, Medical specialists and Surgeons is the 64%, 31%, 23% and 9% respectively.

The second question assessed the dose equivalents of pelvic abdominal scanner in comparison to a
yearly natural radiation exposure in Morocco. Taking into consideration that the yearly natural
radiation exposure in Morocco is about 2.5 mSv, how you estimated the average dose delivered
during a pelvic abdominal CT scan? A total of 10 % answered correctly (DS= 11 mSv), while 56%
underestimated, 9% overestimated and 25% had any idea about the radiation due to CT Scan of
abdomen pelvic examination (Table 2). Moreover, the rate of any idea equivalent to the group
Residents, General practitioners, Medical specialists and Surgeons is the 64%, 31%, 23% and 9%
respectively.

The underestimation of the dose received by the patient during a CT scan of abdominal pelvic
examination was made by 71 % of Surgeons, 59 % of Medical specialists, 46 % of the General
practitioners and 29 % for Residents. The correct estimation was reported by 9 % of surgeons, 7% of
Medical Specialists, 15 % of General practitioners and 7 % for Residents. The overestimation was
answered by 11 % of Surgeons, 9 % of Medical Specialists, 10 % of the General practitioners and 0
% for Residents (Figure N°1).

The question assessed the physicians’ knowledge on the lifetime risk for the development of cancer
after one abdomen pelvic CT examination. This very specific epidemiological topic was answered
correctly by only 36% (approx.1 cancer death per 1,000) [26, 27], whereas 63% didn’t have the
correct answer and 1% did not respond.

3.4 Further education and training:

The final question was about the physicians’ knowledge on the education for Residents and training
for Physicians in radiation protection of patients:
- Only 11 % of Medical Specialists and 3% of Surgeons have accomplished a continuing
training during their professional practices.
- 95% of Surgeons, all Medical Specialists and General Partitions reported having never
realised any formal training on radiation risk.
- All Residents have responded they have not accomplished any academic training in radiation
protection of patients during their university curriculum.
3.5 Discussion:

This study aimed at the evaluation of the current physician’s practices regarding the CT scan
prescriptions in Moroccan hospitals. Moreover, knowledge on radiation doses and risks was explored.



UNDER PEER REVI EW

170
171
172
173
174
175

176
177
178
179
180
181
182
183

184
185
186
187

188
189
190
191
192
193
194

195
196
197
198

199
200
201
202
203
204

205
206
207
208
209
210

211
212

Our study proved that Physicians’ knowledge of radiation exposure from medical imaging is
insufficient therefore they would at inform their patients of the risks of radiation exposure. Generally,
these doctors underestimated radiation exposure of frequently used diagnostic imaging and the
associated risks. This under-estimation of doses may lead doctors to requesting more diagnostic
imaging than they would if they had accurate knowledge. It is likely that various factors contributed to
the insufficient knowledge scores achieved in this study.

Only 10% of physicians of this study used a guideline during prescriptions of CT exam. Yet the
European directive on the radiation protection for medical purposes requires justification of the
radiological procedure which is one of the steps necessary to obtain the radiation protection of
patients as part of a quality assurance process [28]. The lack of use of referral guidelines could be
explained by the Moroccan radiologists by the absence of national protocols [24].

38% of prescribers in our study group take account the ratio benefit/ risk. This result is much lower
than 70% reported by Gervaise et al 2011 in a similar study for a population of French hospital
doctors [25].

Just 10 % of our physicians group have been explained the x-ray risk to the patients during
prescription. This result is much lower than 22% reported by Lee et al. 2004 in a similar study for a
population of emergency physicians in US [22] and less than 25% reported by Gervaise et al 2011 in a
similar study for a population of French hospital doctors [25].

.The knowledge on radiation doses in our study group is limited. In detail, we asked to compare the
average effective dose received during an abdomen pelvic CT scan in adults to a standard chest
radiograph. Only 18 % of the study participants answered correctly. This result is lower than 30%
reported by Lee et al. 2004 in a similar study for a population of emergency physicians in US [29] and
less than 32,5 % obtained by Merzenich et al. 2012 in a similar study in German [30]. It is over than
13 % reported by Gervaise et al 2011 in a similar study for a population of French hospital doctors
[25].

Furthermore, 46 % of doctors generally tend to underestimate the radiation exposure due to an
abdomen pelvic CT scan for adults. This result is in agreement with that reported by Krille et al. 2010
in a published systematic review on physicians’ knowledge regarding radiation dosages and risks due
to computed tomography [31].

The physicians’ knowledge on the lifetime risk for the development of cancer after one abdomen
pelvic CT examination was answered correctly by only 36% (approx.1 cancer death per 1,000 deaths)
[26,27] of responses in our study group. This result is higher than 12,5 % reported by Jacob et al.
2004 for a population of hospital doctors [32]. It is approximately the same as 31% obtained by Rice
et al.2007 for a population of paediatrics surgeons [33]. It is lower than 39% reported by Gervaise et
al 2011 in a similar study for a population of French hospital doctors [25].

The poor knowledge results achieved in this study could be explained by many factors. About 95% of
our doctors reported never having undergone formal training on patients’ radioprotection. This
reflects a poor knowledge of the principles of radiation protection by our clinicians. This result is
higher than 75 % reported by Gerben et al. 2010 for a physician population of the Australian
emergency departments [34], and 34% reported by Gervaise et al 2011 in a similar study for a
population of French hospital doctors [25].

Our study group comprised 9% of junior doctors, and especially interns. All intern’s responded have
not benefited from any academic training in radiation protection of patients during their university
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curriculum. In practice, the junior doctors need to discuss the need for CT imaging with a senior
doctor before its prescript. We recommend education and ongoing assessment during the intern year
to improve understanding of radiation exposure.

4. CONCLUSION

Medical specialists, General practitioners, Surgeons and Residents' knowledge and practices
concerning the radiation exposure related to radiological imaging is weakness and this result well
aligns with precedent studies. Physician groups in our sample had a varied knowledge of the risks and
doses from radiation exposure, but their performance was not as good. Radiation information
communication was uncommon between doctors and their patients.

We recommend training during the university training curriculum of Residents and also the periodic
ongoing training of all doctors from all specialties with the aim to improve their understanding of
medical radiation exposure. There is also a need for establishing collaboration between radiologists
and the other medical specialists in order to create Moroccan radiology protocols. We also propose
that radiation doses and associated risks should be provided on imaging request forms. We suggest
connecting all radiological structures with a national database that stores all information relating to
the prescription and the realization of all radiological procedures. This would enable the prescribing
physician to review patient’s radiological history, his total accumulated dose of exposures and to
discuss with him the eventual risks and thus choose the adequate radiological examination. Education
to upgrade perception is necessary to improve the behaviour of practitioners, especially with the
objective of minimising the seemingly unavoidable increase in malignancies in the future.

Table 1: Assessment of the average dose of abdomen pelvic CT scan
comparatively to an adult standard chest radiograph.

Direction of the answers N %0
Underestimation 70 46
Correct answer 28 18
Overestimation 17 11
n. a 38 25
> 153 100

* n.a., N0 answer

Table 2: Assessment of the average dose of abdomen pelvic CT scan
a yearly natural radiation exposure in Morocco.

comparatively to

Direction of the answers N Y%
Underestimation 86 56
Correct answer 15 10
Overestimation 14 9
n. a 38 25
> 153 100

* n.a., N0 answer
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Figure N°1: Percentage distribution of medical specialities responds to evaluate the average dose of abdomen
pelvic CT scan.

REFERENCES:

1. Brenner DJ, Hall EJ. Computed tomography: an increasing source of radiation exposure. N Engl

2.

9.

J Med 2007; 357: 2277-2284.
Broder J, Warshauer DM. Increasing utilization of computed tomography in the adult
emergency department, 2000-2005. Emerg Radiol 2006; 13: 25-30.

. Golding SJ, Shrimpton PC. Commentary. Radiation dose in CT: are we meeting the challenge?

Br J Radiol 2002; 75: 1-4.

. Valentin J; International Commission on Radiation Protection. Managing patient dose in multi-

detector computed tomography (MDCT). ICRP Publication 102. Ann ICRP 2007; 37: 1-79.

. Ron E. Cancer risks from medical radiation. Health Phys 2003; 85: 47-59.
. Mather R. The physics of CT dose. Toshiba America Medical Systems Inc.
. Griffey RT, Sodickson A. Cumulative radiation exposure and cancer risk estimates in

emergency department patients undergoing repeat or multiple CT. AJR Am J Roentgenol 2009;
192: 887-892.

. United Nations Scientific Committee on the Effects of Atomic Radiation.

http://www.unscear.org/docs/reports/annexd.pdf. Annex D: medical radiation exposures. Table 15,
Parts A and B; 375-7.

Brenner D, Elliston CD, Hall EJ, Berdon WE. Estimated risks of radiation-induced fatal cancer
from pediatric CT. Am J Roentgenol 2001;176(February):289-96.

10. National Radiological Protection Board. Protection of the Patient in X-ray Computed

Tomography. London, UK: HMSO; 1992.

11. Brenner DJ, Hall EJ. Computed tomography—an increasing source of radiation exposure. N Engl

J Med 2007;357(November):2277-84.

12.Thomas KE, Parnell-Parmley JE, Haidar S, Moineddin R, Charkot E, BenDavid G, Krajewski C.

Assessment of radiation dose awareness among pediatricians. Pediatr  Radiol
2006;36(August):823-32.

13. National Radiological Protection Board. Protection of the Patient in X-ray Computed

Tomography. London, UK: HMSO; 1992.

14. Huda W. Effective doses to adult and pediatric patients. Pediatr Radiol

2005;103(September):307-11.




UNDER PEER REVI EW

272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325

15. Rice HE, Frush DP, Harker MJ, Farmer D, Waldhausen JH. Peer Assessment of pediatric
surgeons for potential risks of radiation exposure from computed tomography scans. J Pediatr Surg
2007;42:1157-64.Eur J Radiol 2009.

16. Jacob K, Vivian G, Steel JR. X-ray dose training: are we exposed to enough? Clin Radiol
2004;59:928-34.

17. Arslano’glu A, Bilgin S, Kubali Z, Ceyhan MN, ‘Ilhan MN, Maral 1. Doctors’and intern
doctors’ knowledge about patients’ ionizing radiation exposure doses during common radiological
examinations. Diagn Interv Radiol 2007 Jun;13:53-5.

18. Shiralkar S, Rennie A, Snow M, Galland RB, Lewis MH, Gower-Thomas K.: Doctors’
knowledge of radiation exposure: questionnaire study. Br Med J2003;327:371-2.

19. Heyer CM, Hansmann J, Peters SA, Lemburg SP. Paediatrician awareness of radiation dose and
inherent risks in chest imaging studies—a questionnaire study.

20. Soye JA, Paterson A. A survey of awareness of radiation dose among health professionals
in Northern Ireland. Br J Radiol 2008;81(September):725-9.

21. Semghouli S, Amaoui B, Maamri A. Estimated radiation exposure from medical imaging for
patients of radiology service of Al Faraby Hospital, Oujda Morocco. International Journal of
Cancer Therapy and Oncology. Volume 3 « Number 3 » 2015. DOI: 10, 14319 / ijcto.33.25.

22. Aabid M, Semghouli S, Choukri A, Hakam O.K: Medical Radiation Exposure of Various
Personnel Categories at National Center of Rehabilitation and Neurosciences (NCRNS) of Rabat.
Scholars Journal of Applied Medical Sciences (SJAMS). Sch. J. App. Med. Sci., 2016;
4(8E):3071-3078. DOI: 10.21276/sjams.2016.4.8.66.

23. Chahboub. Y, Choukri. A, Hakam. O.K, Talsmat. K, Benouhoud. M, and Semghouli. S (2016):
Assessment of Absorbed Dose By Target Organs Using Mird Formalism During Certain Nuclear
Medicine Procedures. European Journal of Biomedical and Pharmaceutical sciences. Volume 3,
Issue 11, 61-64.

24.Semghouli S, Amaoui B, El Fahssi M, Choukri A and O.M Hakam. Practitioners’ Knowledge on
Patients’ Radioprotection in Emergency and Radiology Services of Hassan II Hospital Agadir
Morocco. International Journal of Modern Physics and Applications. Volume. 1, No. 5, 2015, pp.
205-209. ISSN: 2381-6945 (Print); ISSN: 2381-6953 (Online).

25 Gervaise. A, Esparbe-Vigneau. E, Pernin. M, Naulet. T, Porton. Y, Lampierre- Combe. M:
Evaluation of knowledge prescribing CT examinations on the radiation protection of patients.
Elsevier Masson. Radiology Journal (2011), 92, 671-678.

26. Board on Radiation Effects Research Division on Earth and Life Studies, Committee to Assess
Health Risks from Exposure to Low Levels of Ionizing Radiation. Health Risks From Exposure To
Low Levels Of Ionizing Radiation Beir Vii Phase 2. National Research Council Of The National
Academies The National Academies Press Washington, D.C. 2006.

27.BrennerD]J , Doll R, Goodhead DT, salle EJ, Terre CE, Little JB, Lubin JH, Preston DL, Preston R
J, Puskin J, Ron E, Sachs RK,Samet JM, Setlow RB, Zaider M. Cancer risks attributable to low
doses of ionizing radiation: assessing what we really know. Proc Natl Acad Sci USA. November
2003 25; 100 (24): 13761-6.

28.Council Directive 97/43/EURATOM/ of 30 June 1997 on Health protection of individuals
against the dangers of ionizing radiation in relation to medical exposure and repealing Directive
84/466/Euratom. (OJ L-180 of 9 July 1997).

29. Lee CI, Haims AH, Monico EP, Brink JA, Forman HP: Diagnostic CT scans: assessment of
patient, physician, and radiologist awareness of radiation dose and possible risks. Radiology. 2004
May;231(2):393-8.

30. Merzenich., H, Krille. L, Hammer. G, Kaiser. M, Yamashita. S, Zeeb. H: Paediatric CT scan
usage and referrals of children to computed tomography in Germany-a cross-sectional survey of
medical practice and awareness of radiation related health risks among physicians. BMC Health
Services Research 2012, 12:47.

31. Krille L, Hammer GP, Merzenich H, Zeeb H: Systematic review on physician’s knowledge about
radiation doses and radiation risks of computed tomography. Eur J Radiol 2010, 76(1):36-41.

32.Jacob K, Vivian G, Stell JR. X ray dose training: are we exposed to enough? Clin
Radiol.2004;59:928-934.



UNDER PEER REVI EW

326 33. Rice. H E, Frush D. P, Harker M J, Farmer D, Waldhausen J H :, Peer assessment of pediatric

327 surgeons for potential risks of radiation exposure from computed tomography scans. Journal of
328 Paediatric Surgeons Volume 42, Issue 7, Page 1157-1164.

329  34. Gerben B Keijzers and Charles J Britton: Doctors’ knowledge of patient radiation exposure from
330 diagnostic imaging requested in the emergency department. MJAe Volume 183 Number 8 « 2010.



