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Objective: In order to provide high quality care to their patients and utilize imaging most judiciously, physician trainees should possess a working knowledge of
appropriate use, radiation dose, and safety. Prior work has suggested knowledge gaps in similar areas. We aimed to evaluate the knowledge of imaging appro-
priateness, radiation dose, and MRI and contrast safety of physician trainees across a variety of specialties.
Methods: Between May 2016 and January 2017, three online surveys were distributed to all interns, residents, and fellows in ACGME accredited training pro-
grams at a large academic institution over two academic years.
Results: Response rates to three surveys ranged from 17.2% (218 of 1266) for MRI and contrast material safety, 19.1% (242 of 1266) for imaging appropri-
ateness, to19.9% (246 of 1238) for radiation dose. Overall 72% (509 of 706) of survey respondents reported regularly ordering diagnostic imaging examina-
tions, but fewer than half (47.8%; 470 of 984) could correctly estimate radiation dose across four commonly performed imaging studies. Only one third
(34%; 167 of 488) of trainees chose appropriate imaging in scenarios involving pregnant patients. Trainee post-graduate year was not significantly corre-
lated with overall radiation safety scores, and no significant difference was found between radiation safety or appropriate imaging scores of those who
participated in a medical school radiology elective vs. those who did not. A total of 84% (57 of 68) of radiology trainees and 43% (269 of 630) of non-radi-
ology trainees considered their knowledge adequate but that correlated only weakly correlated to actual knowledge scores (p<0.001). Most trainees (73%,
518 of 706) agreed that more training in these areas would have beneficial effects on patient care.
Conclusions: Knowledge gaps pertaining to appropriateness and imaging safety exist among many trainees. In order to enhance the value of imaging at the pop-
ulation level, further work is needed to assess the most appropriate method and stage of training to address these knowledge gaps.
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Introduction

A central role of physicians has long been that of diagnostician.
The diagnostic process has been viewed as an iterative process of
information gathering and interpretation, with the selection and
ordering of diagnostic tests being a critical step in the diagnostic
pathway.1 Imaging often plays a critical role in this process. Advan-
ces in imaging technologies and accessibility have greatly increased
the use of diagnostic imaging in recent decades but there may be
important knowledge gaps among physician trainees when it
comes to ordering these tests. Physician knowledge of the costs of
imaging has been widely studied,2 but the extent of their knowl-
edge of other factors such as exposure to ionizing radiation, intra-
venous contrast, and possible interactions with implantable
devices is poorly understood.
Multiple prior studies have assessed physicians’ knowledge of
radiation risks at various stages of physician education and in multi-
ple practice settings. Generally, physicians across many specialties
and levels of training have performed poorly on surveys assessing
their understanding of radiation dose, safety, and potential hazardous
effects.3-17 Similar results have been seen with respect to physicians’
knowledge of magnetic resonance imaging (MRI) and contrast mate-
rial-related safety, as well as diagnostic imaging appropriateness.18,19

In the academic setting, physician trainees (ie, interns, residents, and
fellows) should possess a working knowledge of associated risks and
appropriateness of these tests to provide high-quality and high-value
care, and to address any concerns with their patients.4,20 Importantly,
they continue to order those studies after training, when they begin
to practice independently.

The purpose of this study was to evaluate the knowledge of
physician trainees across a variety of clinical specialties regarding
several key topics related to ordering diagnostic imaging exami-
nations. These include appropriateness, radiation dose, and both
MRI and contrast safety considerations. We also sought to assess
trainees’ perceptions of the adequacy of their education in these
important areas.
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Methods

This study was formally evaluated by our university’s Institutional
Review Board and was granted exempt status before deployment of
the first of 3 separate surveys.

Study Population

The population for this study included all trainees enrolled in
Accreditation Council for Graduate Medical Education accredited
internships, residencies, and fellowships at our university between
May 2016 through January 2017. The surveys were distributed via
the Graduate Medical Education (GME) Office’s official list server.

Survey Instrument

Our survey design and format was based upon recently published
studies distributed to physician trainees regarding the cost of imag-
ing.2,21 The diagnostic appropriate use content was adapted from the
American College of Radiology’s (ACR) Appropriateness Criteria.22-25

The radiation safety content was adapted from open source material
such as the ACR Relative Radiation Level Scale,26 which rates relative
effective doses of examinations in simple terms, as well as the Radiol-
ogy Society of North America’s Radiation Biology for Diagnostic and
Interventional Radiologists Syllabus.27 The MRI and contrast material
safety content was adapted from the ACR guidance document on MR
safe practices28 and the ACR Manual on Contrast Media.29 Our survey
instruments are available in Appendix C.

The first segment of our surveys queried respondents regard-
ing the following demographic information: training program
specialty, year and level of training, estimated number of diagnos-
tic imaging studies ordered per week, prior medical school radiol-
ogy elective, and whether they received focused education
related to the survey topic during medical school or postgraduate
training. Additionally, we asked respondents to rate their level of
perceived knowledge on each respective topic on a 5-point Likert
scale, and whether they felt additional education at the medical
school level in this area would be beneficial to their practice. The
specific knowledge assessment questions for each survey can be
found in Appendix C1-3.

Survey Distribution

The surveys were created and distributed via SurveyMonkey.com
(SurveyMonkey LLC, Palo Alto, CA), a web-based survey platform. An
initial e-mail with a hyperlink was distributed to all trainees sub-
scribed to the GME list sever in May of 2016, and 3 reminder emails
were sent during the 6 weeks that the survey remained open. Subse-
quent surveys were distributed in a similar manner in October of
2016 and January of 2017. To incentivize trainees to participate, the
opportunity to enroll into a raffle to win 1 of ten $50.00 Amazon.com
gift cards for each of the surveys, or the option to enroll in each gift
card raffle without survey completion, was provided using
departmental research funds.

Data Analysis

The statistical analysis employed was partially derived from
prior studies assessing physician trainee knowledge of the costs of
diagnostic imaging.2,21 Answers to the demographic questions (eg,
postgraduate year [PGY], training program, and self-perceived ade-
quacy of knowledge) were summarized by frequencies.

For the diagnostic imaging appropriateness survey, correct
responses to 4 clinical vignettes were summed to provide
imaging appropriateness score. Answers to the radiation safety
portion of the survey were coded as dichotomous responses
(correct vs incorrect). The total number of correct responses per
participant were summed to provide a radiation safety knowl-
edge score (number of correct responses out of a total of 8
questions). A mean radiation safety knowledge score was calcu-
lated across the study sample and various subgroups. Incorrect
responses pertaining to radiation dose or risk assessment were
further categorized into over and underestimates. For the MRI
and contrast material safety survey, credit for correct response
to question on devices considered to be MRI safe was assigned
as 1 point for selection of the correct response divided by total
number (out of 5 devices) selected, such that 0.5 points were
awarded if respondent chose the correct device as well as one
other device (1 correct of 2 selected). The other 4 questions
were coded as dichotomous responses receiving 1 point for
each correct response. Survey score was determined by summa-
tion of points from each question (out of a total of 5 questions).

Independent t-test used to compare mean scores between
groups. Pearson correlation coefficient, r, used to test correlation
between PGY status and survey scores, as well as for correlation
between number of imaging examinations ordered per week and
imaging score. Spearman correlation coefficient, r, used to test for
correlation between trainee perceptions of knowledge adequacy
vs survey score.

Multiple subgroups were analyzed individually by comparing
their survey scores. Radiology trainees were compared with non-
radiologists, and those respondents reporting prior education on
respective subject or participation in a medical school radiology
elective were compared with those who reported no prior educa-
tion and no medical school radiology elective, respectively.

Data analysis was performed using Excel 2016 (Microsoft, Red-
mond, WA) and statistical analysis was performed using GNU PSPP
(Free Software Foundation, http://fsf.org/), as well as Social Science
Statistics’ Spearman rho calculator (www.socscistatistics.com/tests/
spearman/Default.aspx).
Results

Of 1238 to 1266 trainees, 17.2%-19.9% responded to 3 surveys.
Mean response rate among the surveys was 18.7%. Survey specific
response rates and basic demographics of survey respondents are
illustrated in Table A1.

Imaging Frequency

Among all respondents, 72% (509/706) reported ordering diagnos-
tic imaging examinations in their regular practice. Among those
ordering examinations, the mean number of studies ordered per
week was 12.2 (§16.4). Appropriate imaging score was very weakly
associated with the number of examinations that the respondent
requested per week (r = 0.15, P = 0.022). Among nonradiology train-
ees, number of examinations ordered per week was slightly more
associated with appropriate imaging (r = 0.18, P = 0.010). The number
of examinations requested per week did not significantly correlate
with radiation safety score (r = 0.01, P = 0.880), or MRI and contrast-
related safety score (r = ¡0.06, P = 0.379).
Imaging Appropriateness

Almost half (48%;115/242) of trainees reported that they had not
heard of ACR Appropriateness Criteria, and only 9% reported regular
use of that tool. As can be seen in Figure B2, fewer trainees chose
appropriate imaging in scenarios involving pregnant patients.

http://fsf.org/
http://www.socscistatistics.com/tests/spearman/Default.aspx
http://www.socscistatistics.com/tests/spearman/Default.aspx
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Radiation Safety

Just under half (47.8%; 470/984) of radiation dose estimates across
4 commonly performed imaging studies were correct. Among incor-
rect estimates for studies delivering ionizing radiation, 76% (355/469)
underestimated radiation dose. Approximately 18% (45/246) of all
respondents believed that MRI delivers ionizing radiation. As illus-
trated in Figure B1, respondents underestimated rather than overesti-
mated relative radiation dose of the chest computed tomography (CT)
to a chest radiograph, lifetime relative risk of cancer from a CT, as well
as the background lifetime incidence of all cancers in the United
States.
MRI Safety

Nearly one-third (29%; 64 of 218) of trainees did not understand
that an MRI magnetic field remains on even when a scanner is not in
use. Trainee responses for implants considered to be generally MRI
safe can be seen in Figure B3.
Contrast Material Safety

Contrast-induced nephropathy was correctly defined by only
38.5% of trainees (84 of 218), whereas 29% (64 of 218) correctly iden-
tified risks for nephrogenic systemic fibrosis in the setting of gadolin-
ium-based contrast media administration. Only 48% (104 of 218)
chose the most appropriate first-line therapy, route, and dose for an
acute severe allergic type reaction after iodinated contrast adminis-
tration.
Training Level

PGY level of the trainee was not significantly correlated with
appropriate imaging score (r = 0.01, P = 0.986), overall radiation safety
score (r = 0.10, P = 0.11), or MRI and contrast safety score (r = 0.06, P =
0.358).
Radiology vs Nonradiology Trainees

Radiology trainees tended to score higher regarding appropriate
imaging, averaging 76% § 24%, (n = 17) compared with 67% § 23%,
(n = 225) for nonradiology trainees, however, this was not statistically
significant (P = 0.119). Radiology trainees achieved significantly
higher radiation safety scores (51% § 19%, n = 35) than nonradiology
trainees (37% § 17%, n = 211) (P = 0.000), as well as significantly
higher MRI and contrast-related safety scores (64% § 15%, n = 18) as
compared to nonradiology trainees (39%§ 20%, n = 200) (P = 0.000).
Radiology Elective

Trainees who had participated in radiology electives had higher
MRI and contrast-related safety scores (44% § 24%, n = 119) than
those who did not (37% § 20%, n = 94) (P = 0.022); however, MRI and
contrast safety scores among nonradiology trainees who participated
in a radiology elective (41% § 20%, n = 104) were not significantly
higher than those who did not, (37%§ 20%, n = 93) (P = 0.188). No sig-
nificant difference was found between appropriate imaging score of
those who participated in a radiology elective (70% § 24%) and those
who did not (66% § 22%) (P = 0.145), nor between radiation safety
scores (38% § 18%, n = 110) of those who participated in a radiology
elective and those who did not, (36%§ 16%, n = 101) (P = 0.512).
Prior Formal Education

No significant difference was found between those reporting prior
formal education regarding respective topics during medical school
and those who did not for appropriate imaging score (67% § 23%, n =
186 vs 71% § 22%, n = 56) (P = 0.283), radiation safety score (38% §
17%, n = 122 vs 37% § 18%, n = 89) (P = 0.772), nor for MRI and con-
trast safety score (44% § 22%, n = 86 vs 39% § 20%, n = 127) (P =
0.084).

Trainee Self-Perceived Knowledge

When asked to rate the adequacy of their subject knowledge, 88%
(15/17) of radiology trainees and 50% (110/222) of nonradiology
trainees considered their knowledge of appropriate use of diagnostic
imaging to be adequate, as compared to 86% (30/35) radiology train-
ees and 45% (96/211) nonradiology trainees for radiation safety, and
75% (12/16) of radiology trainees and 32% (63/197) of nonradiology
trainees for MRI and contrast safety, with an average across all sub-
jects of 84% (57/68) among radiology trainees and 43% (269/630)
among nonradiology trainees. Knowledge adequacy among trainees
regularly requesting diagnostic imaging examinations was 53%, 47%,
and 34% with regard to appropriate imaging, radiation safety, and
MRI and contrast-related safety, respectively, (98/185, 85/182, and
51/150, respectively), with an average across all subjects of 45% (234/
517).

Trainee perception of knowledge adequacy weakly correlates to
appropriate imaging score (r(240) = 0.271, P < 0.001), radiation
safety score, (r(246) = 0.237, P < 0.001), and CT and MRI safety score
(r(213) = 0.234, P < 0.001).

Desire for Training

A majority of respondents agreed that it would be beneficial to
have received more education about appropriate imaging (77%; 186/
242), radiation safety (68%; 167/246), and MRI and contrast material
safety (76%; 165/218).

Discussion

In our series of surveys of postgraduate physician trainees across a
variety of specialties in a large academic health system, we found
that most trainees report regularly requesting diagnostic imaging
examinations for their patients. However, considerable knowledge
gaps among trainees exist in several important areas that should be
considered when selecting and requesting these examinations.

Selection of appropriate diagnostic imaging examinations is a crit-
ical step in the diagnostic pathway, however, trainees demonstrate
widely variable knowledge of appropriate imaging, particularly per-
taining to imaging pregnant patients. Given that less than 10% of
trainees currently report regular use of ACR Appropriateness Criteria,
embedded clinical decision support in the ordering process may be a
useful way to improve patient care.

Overall, trainees appear to be poorly prepared to assess and dis-
cuss radiation risks with patients. There is a tendency of trainees to
underestimate both background lifetime incidence of cancer and rela-
tive risk of developing a malignancy from CT examinations, which is
consistent with the 2015 review by Lam et al.30

Trainee knowledge of implants that are generally safe to image
with MRI was particularly interesting. For example, it is concerning
to see that 56% of trainees believe all intracranial aneurysm clips to
be MRI safe, and up to 39% believe that cochlear implants are MRI
safe. Although this knowledge gap among trainees may not pose a
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great risk to patients with proper screening techniques in place, what
may be more concerning is the general perception that remote ortho-
pedic hardware is not typically safe to image. Since trainees are
responsible for selection and ordering of diagnostic examinations,
the misconception that orthopedic hardware precludes patients from
MRI likely prevents, or at least delays, many patients from getting
valuable diagnostic imaging.

Knowledge of contrast material-related safety was generally
poor among nonradiology trainees. It is not surprising that radiol-
ogy trainees performed better in this area given residency specific
training. The apparent correlation between MRI and contrast
safety score and participation in a radiology elective seems to be
confounded by radiology trainees0 scores, as this was the topic
with the greatest disparity between radiology and nonradiology
trainee scores, with radiology trainees outscoring nonradiology
trainees by 25%, as compared to 14% for radiation safety, and 9%
for appropriate imaging.

Radiology trainees report much higher knowledge adequacy
than nonradiology trainees across all topics examined, most
markedly pertaining to MRI and contrast-related safety, in which
only 32% of nonradiology trainees report adequate knowledge to
care for their patients. Although radiology trainees receive more
dedicated instruction in these areas, it is very concerning that
only 45% of trainees regularly ordering diagnostic examinations
feel adequately prepared to do so.

With regard to imaging frequency, the slightly higher correlation
between number of examinations ordered per week and appropriate
imaging score among nonradiology trainees vs all trainees makes
sense in the context that radiology trainees do not regularly order
diagnostic imaging. However, radiology trainees had higher overall
appropriate imaging scores possibly owing to cumulative time spent
reading and interpreting these tests compared to nonradiology train-
ees.

A majority of trainees agree that more training in these areas
would have beneficial effects on patient care, however, further work
is needed to assess the most appropriate method and stage of training
to address these knowledge gaps, as no significant knowledge
improvement was seen between prior formal training or PGY year.

Limitations

Limitations to this study include limited survey response rate,
averaging 18.7% over all 3 surveys, with decreasing response rates
for each successive survey, likely signaling an element of survey
fatigue.31 Survey distribution across different academic years,
resulting in a slightly different study population for the radiation
safety survey as compared to the other 2 surveys, may limit direct
comparison of these groups. Self-reporting of number of imaging
examinations ordered and prior formal training may not be an
accurate method of measuring these, as “formal training” may
have different connotations among trainees and some may have
received similar training but not have considered it to be formal
training.
Conclusion

Although a majority of physician trainees regularly order diagnos-
tic imaging examinations, considerable knowledge gaps exist in
important areas pertaining to judicious and safe use of diagnostic
imaging. To enhance the value of imaging at the population level, fur-
ther work is needed to assess the most appropriate method and stage
of training to address these knowledge gaps, particularly with regard
to radiation risk assessment, MRI and contrast-related safety, as well
as with regard to imaging of pregnant patients.
Appendix A. Supplementary material

Supplementary data associated with this article can be found in
the online version at doi:10.1067/j.cpradiol.2017.10.007.
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