Subjective Perception of Radiation Risk

Lutz S. Freudenberg!-? and Thomas Beyer!-?

!Department of Nuclear Medicine, University Hospital Essen, Essen, Germany, *Department of Nuclear Medicine,
ZRN Grevenbroich, Grevenbroich, Germany; and 3cmi-experts GmbH, Zurich, Switzerland

Physicians, medical staff, and patients, much like the general
population, are becoming increasingly sensitized to the issue
of radiation exposure from diagnostic or therapeutic proce-
dures. The attitudes of patients undergoing diagnostic imaging
procedures that use ionizing radiation vary widely. Patient
perception of radiation dose strongly influences their accept-
ance of diagnostic examinations or therapies involving radio-
activity. Here, we review perceptions and concerns about
radiation and radioactivity by laypersons and medical experts.
Several studies show that physicians are frequently poorly
informed about radiation levels associated with nuclear medi-
cine and radiologic examinations. In addition, patients’ deci-
sions against undergoing an imaging procedure are frequently
based on partial and sometimes incorrect information. Thus,
physicians must take the concerns of their patients seriously.
From the literature and our own experience, we conclude that it
is extremely important to thoroughly and carefully educate all
involved in patient work-up about radiation exposure levels and
perceived or actual health risks. Although the choice and timing
of imaging examinations should always outweigh the risk that
secondary illness will develop, the patients’ concerns still must
be alleviated.
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Radiologic and nuclear medical imaging studies are
essential diagnostic tools and thus form the basis for many
therapeutic decisions. Diagnostic imaging relies mainly on
ionizing radiation, and nearly half of the average radiation
exposure of the general public can be ascribed to medical
procedures. The largest portion of radiation exposure is
contributed by radioactive materials and ionizing radiation,
especially X-rays (/-4). A study by Fazel et al. (/) dem-
onstrated that in the United States between 2005 and 2007,
CT and nuclear imaging accounted for 21% of imaging
procedures and 75% of the total effective manufactured
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radiation dose. In contrast, plain radiography accounted
for 71% of all imaging procedures but only 11% of the
total effective dose. In Germany in 2006, the radiation ex-
posure of the public averaged 1.8 mSv for X-ray diagnos-
tics and 0.13 mSv for nuclear medicine (3). In particular,
during the last few decades, there has been a significant
increase in the average number of CT scans per person (3).

The increased frequency of radiology imaging examina-
tions worldwide has triggered studies on the lifetime risk of
cancer from external radiation exposure—studies that are
discussed controversially (5—7). Calculations of cancer risk
from diagnostic work-ups using imaging techniques based
on sources of ionizing radiation predict numbers of cancer
cases ranging in the thousands for patients in industrialized
countries. For example, Berrington de Gonzélez et al. (8)
expected that in the United States, approximately 29,000
cancer cases (95% uncertainty limits, 15,000—45,000) will
arise that are related to CT scans performed in 2007. Bren-
ner and Hall estimated that 0.4% of all cancers in the
United States may be attributable to CT (5). A recent report
by the Medical Board of the Health Authorities in Zurich,
Switzerland, referred to combined PET/CT as an “imaging
examination with maximum radiation exposure and poten-
tial harm” and thus “posing a certain risk to the patient of
developing cancer from the examination” (9).

Although the objectivity of lay reports can be fairly
easily disputed, reviews of dose-related risks deserve more
attention. Eschner et al. pointed out that calculations of
cancer risk from radiation exposure typically neglect the
fact that exposure is not evenly spread across the studied
subjects, not even across subgroups of a given age range
(10). Therefore, a major proportion of the total dose from
medical imaging examinations does not constitute a risk for
developing cancer. This situation can be explained by the
poorer overall prognosis of patients than of nonpatients of
the same sex and age group. Consequently, the choice and
timing of the most efficacious imaging examination always
outweigh the risk to the patient of developing cancer (/7).

Nevertheless, patients are increasingly sensitive to the
question of radiation risk. Patients range from under-
estimating the risks (/2) to rejecting the tests even at the
risk of deleterious health outcomes (/3). When paired with
lack of knowledge of the benefits of medical imaging and
lack of understanding of the effects of ionizing radiation,
this sensitivity to possible risk and rejection of tests may
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lead to inappropriate diagnostic and clinical decisions. In
the present review, we reflect on medical, sociologic, and
cultural studies that investigate patient concerns and atti-
tudes about ionizing radiation. We include data from a
standard literature search using PubMed, as well as from
full-text searches in the cultural and sociologic online
archives JSTOR (Journal STORage, http://www.jstor.org/)
and MUSE (http://muse.jhu.edu/). Drawing on the results of
the selected studies, we offer suggestions on how to address
the concerns of patients, and we propose corresponding
actions with regard to therapeutic decisions.

EXPERTS AND LAYPERSONS LIVE ON
DIFFERENT PLANETS

Since the 1970s, it has been known that there are
significant differences between the way laypersons and
experts judge ionizing radiation. For example, laypersons
see a high risk potential in nuclear energy and regard this
power source as unacceptable but believe that X-rays have a
low risk and hence are acceptable (/4). By contrast, experts
describe both nuclear energy and X-rays as acceptable and
assert that both bear a moderate health risk (/4,15). Nonex-
perts and experts agree only in their assessment of the danger
potential of nuclear weapons (/6). Moreover, there is no
uniform or consistent perception of radiation risks (/7).

Recent studies by Ludwig and Turner confirmed this
observation. In a survey that included 200 laypersons, the
assessment of radiation risk matched that of experts in only
50% of respondents (/8). Comparable differences in risk
perception have also been described in radiation therapy
(19,20).

Investigations during which dichotomous risk qualities
were to be allocated to different kinds of radiation showed
similar results (/7,21). The authors concluded in reference
to risk perceptions that “some conflicts over ‘risk’ may
result from experts and lay people having different defini-
tions of the concept.” (21).

Here, a conflict between subjective lay knowledge and
objective expert knowledge emerges that can be resolved
only with difficulty through a purely scientific approach
(22). When patients are asked to make a decision for or
against a certain therapy, the discrepancy between their
opinions and those of the experts may ultimately result in
patients refusing a medically indicated procedure. Alterna-
tively, patients may agree to the procedure reluctantly and
undergo it uncooperatively.

CONCEPTS OF NON-MEDICAL PROFESSIONALS

An Approach to Understanding Attitudes

The medical professional has to be methodically open-
minded to understand the perceptions of laypersons. The
implicit association test developed by Greenwald et al. (23)
is an interesting approach used in social psychology. The test
measures the strength of associations between mental repre-
sentations of objects in memory. It is based on the idea that
during a computer-based experiment, it is easier to use the
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same response key for associated concepts instead of the op-
posite key (24).

The implicit association test, which is administered
mainly to measure implicit attitudes toward objects or
stereotypes, was used, for example, in a Swiss study to
investigate personal attitudes toward nuclear energy and the
electromagnetic radiation of mobile phones (25). The nega-
tive attitudes that were found by the test were stronger than
those simultaneously submitted by the subjects in written
questionnaires. However, the question of the meanings and
context is not answered. A combined qualitative and quanti-
tative method is a possible way to address this issue.

The quantitative approach—the foundation of all scientific
research—is guided by measurable objective observations
that can be expressed via formulas. In the context of cultural
studies or sociology, quantitative research results often
remain on the surface because numerous factors, in partic-
ular social, societal, and cultural, are omitted. Because the
complexity of many situations cannot be expressed numeri-
cally, a purely quantitative approach might not be applicable
to daily life situations and thus might lack practical relevance
(26-28).

The qualitative research approach aims at investigating
and understanding a research area using an open method.
The researchers present, in conjunction with the data, an
individual framework of meaning and interpretation. Thus,
the qualitative approach is particularly attractive for analyses
in cultural studies because in this discipline, observations are
based on realities that have already been interpreted (29).
Here, subjective assessments by the subjects under study
strongly shape their notion of reality. Simultaneously, differ-
ent social areas are integrated by being united within a single
person. Thus, new connections and correlations between dif-
ferent areas can be recognized, unlike the case in a purely
quantitative approach (27).

The qualitative method offers several solid research
approaches, such as content analysis (30,31); its goal is to
analyze the argumentative and practical structure of opin-
ions (26). In other words, during the analysis the opinion of
the person in question will be assessed systematically. The
qualitative approach is judged critically with respect to its
methods and the representativeness of its results (28,32).

CT

In recent years, radiation exposure during CT procedures
has become increasingly scrutinized by the scientific
community and the general population. This increased
scrutiny is due to the great increase in the use of CT since
the inception of the modality in the 1970s (5). For example,
in the United States the annual number of CT examinations
increased from about 3.6 million in 1980 to 13.3 million in
1990 and 33 million in 1998. In 1980, when CT accounted
for less than 3% of all radiologic examinations, it contrib-
uted to 5% of the accumulated dose of all X-ray procedures
(4). Today in the Western world, CT accounts for about
15% of radiology procedures performed across all medical
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settings and contributes up to 75% of the medically admin-
istered radiation dose (33,34) and up to 40% of the total
radiation dose (4). It is clear that CT is a key diagnostic
imaging examination warranted for numerous clinical indica-
tions. Nonetheless, there is growing concern that CT is being
overused (5,35). Overuse of a clinical method needs to be
judged by cost—benefit calculations, and measures to prevent
overuse may vary by country and even medical specialty (36).
Other concerns about overexposure stemming from overuse
may be addressed to a great extent by adopting optimized
imaging protocols and dose reduction schemes (/7), which
require standardization and inclusion in imaging guidelines.

In this context, it is interesting to point to studies that
assessed the understanding of nonradiologist professionals
ordering CT examinations. Lee et al. noted from a survey
conducted at an academic imaging center in 2004 that all
surveyed participants underestimated the radiation expo-
sure from a CT examination relative to a plain radiograph of
the thorax (37). Interestingly, only 22% of the interviewed
emergency department physicians and 13% of the inter-
viewed radiologists estimated the dose from the CT scan
correctly. The same observation was made by Heyer et al.
(38) when assessing the knowledge of nonradiologic physi-
cians with an average clinical experience of 8 y concerning
radiation exposure during radiologic procedures on the
thorax; only 34% correctly estimated the effective dose
from a thoracic CT scan.

However, no qualitative study has investigated the sub-
jective perception of CT by patients. We believe that this is
due to the immediate integration of CT into the work-up of
patients with a multitude of diseases: patients simply expect
that a CT scan will be performed. In a study that included
1,168 patients with abdominal pain, Baumann et al. showed
that most patients expressed a low level of confidence in
medical evaluations that were limited to a physician-
conducted history and a physical examination (/2). Patients
with abdominal pain expect some type of laboratory or
radiologic testing, as evidenced by a nearly 4-fold increase
in patient confidence level with just the addition of blood
work to a physician-conducted history and physical exami-
nation, and the highest level of confidence when the medical
evaluation included a CT scan (12).

Patients appear more confident when CT is part of their
medical evaluation but have a poor understanding of the
concomitant radiation exposure and risk, and they have a
poor understanding of the concomitant radiation exposure
and risk associated with the CT scan, or with previous X-
ray imaging examinations they may have passed. This
suggests that patient perception is not necessarily an
impediment to the use of radiation.

Diagnostic Nuclear Medicine

Diagnostic nuclear medicine is another field that has not
been analyzed systematically from the perspective of patient
perception. The only exceptions are 2 Dutch studies that
discussed the emotional strain patients felt from various
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diagnostic tests, including CT and PET (39,40). The average
strain for all tests in both studies was low, suggesting that the
diagnostic work-up is not significantly influenced by these
factors (39,40). However, small but significant differences in
patient strain were observed for imaging tests to assess
esophageal cancer (39). The perceived stress associated with
the PET examination was lower than that of endoscopic
ultrasonography. More than half the melanoma patients
experienced no strain during the PET study, 65% experi-
enced no strain during CT, and 80% experienced no strain
during chest radiography; both studies revealed “more emo-
tional discomfort during the PET examination than during
the CT study.” Both studies pointed out that the reasons for
this stress pattern can be found in the long examination times
needed for the PET-only systems. When PET/CT with
examination times of only 20 min or less is used, the strain
level associated with PET/CT is likely to be similar to that
from a CT examination. However, this hypothesis needs to
be confirmed in future studies.

Medical and technical staff can easily reflect on whether
their conduct and attitudes contribute positively toward how
the patient perceives the imaging examination and, thus,
toward patient cooperation. For example, patients felt
embarrassment and discomfort when they had not been
sufficiently informed about the procedure or were asked to
wait in a cold environment (40).

Radioactivity and Therapy

Although there are relatively few data on perceptions
about radiation in the area of radiologic and nuclear
medical diagnostics, significantly more data are available
for nuclear medicine therapies, particularly radioiodine
therapy (RIT).

A couple of combined qualitative and quantitative
studies revealed a wide spectrum of patient perceptions,
which frequently did not reflect scientific views (4/—45).
The qualitative research was performed using open inter-
views that were transcribed and then were analyzed by
reducing and consolidating the main information from the
transcribed text (content analysis). As such, certain key
words were extracted and categorized from the interviews.
Thereafter, 2 additional analysis methods were used: fre-
quency analysis and valence analysis, the first being based
on a descriptive counting of individual mentions of a factor
and the latter taking the frequency analysis further by ask-
ing whether the mentioned factor had a positive or negative
connotation. Such an analysis of interviews conducted on
68 patients before a possible RIT (44) showed that respond-
ents evaluated radioactivity overall as negative (Table 1).
This result reflects a high level of uncertainty and distrust.

In another study, Erikson et al. showed that the fear of
contamination is perceived as threatening because radiation
is not a sensory experience (46). The exposure to radioac-
tivity, for example, occurs in a way that Eriksson in a differ-
ent paper described as follows: “contaminate rather than
merely damage. . .pollute. Befoul, and taint rather than just
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TABLE 1
Qualitative Evaluations of Radioactivity in Content Analysis
According to Study by Freudenberg et al. (44)

Attribute Percentage (n = 68)
Negative
Fear of dangers of nuclear energy 84%
Fear of malignant diseases 78%
Diffuse feeling of threat 2%
Fear of contamination 53%
Fear of changes of DNA 21%
Distrust in institutions 16%
Fear of death 6%
Neutral
A source of energy 28%
Mutations 4%
Cosmic/natural radiation 3%
Positive
Medical benefit 75%
Secure source of energy 37%
Source of evolution, hormesis 6%

create wreckage. . .penetrate human tissue indirectly rather
than wound the surface by assaults of a more straightforward
kind.” (47).

Furthermore, when describing radioactivity, patients
repeatedly recall and describe the same images: the
explosion of a nuclear bomb or the destroyed reactor in
Chernobyl are part of the standard repertoire of the
interviews. Weart (48), Smith (49), and Erikson (46,47)
argued that these images influence how technology itself
is perceived. In this particular case, the influence is partic-
ularly strong because in the context of radioactivity, most
images communicate the idea that “technology runs amok,”
as Hendee put it (50).

A radiation therapy study that also used a qualitative
research approach revealed a similar tendency. However, in
that study, during the “fight against cancer,” mainly military
images and metaphors came into focus (57); this associa-
tion has also been described in cultural studies (52) and is
promoted by many marketing approaches that catch the
attention of the media.

Additionally, patients have a noticeable tendency to share
their anxieties primarily in jokes that build on metaphors of
fluorescence, such as in the question “Will I glow in the dark
after my RIT?” (53). There appears to be a desire to create a
sensory experience, which also presents the question of how
the body is perceived as the “carrier substance” for radiation
(54). These attitudes match the results of a methodologically
weak study with preassigned categories that was conducted
in the 1970s in German-speaking countries (55); 85% of the
181 randomly chosen administrators referred to X-rays as
being dangerous (Table 2).

The results in Table 2 reveal the shortcomings of a purely
quantitative approach because the categories for the answers
were predetermined and for that reason reflect a scientific
perspective. This explains why 4 of the 6 categories of the
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TABLE 2
Assessment of Danger of X-Rays and Categorization
of Negative Qualities of Radiation According to Study
by Stegie et al. (55)

Factor Percentage (n = 181)
Assessment of X-rays 16%
Harmless
Somewhat dangerous 55%
Quite dangerous 21%
Very dangerous 9%
Categorization of negative qualities
Harmful influence on DNA 32%
Destruction of cells and tissue 19%
Burns 19%
Generation of cancer 11%
Radioactivity 5%
Changes of blood count 3%
Other 10%

qualitative study by Freudenberg et al. (44) (Table 1) were
not included in the study by Stegie et al. (55) (Table 2).

RIT

When patients see a direct health benefit—for example
through RIT—they significantly modify their generally neg-
ative assessment of radioactivity (45,46). In a study by
Freudenberg et al. (45), patients undergoing RIT were
asked to grade their subjective perception of radioactivity
in general and with respect to RIT in particular on a scale
from 1 to 5 (1 = positive, 2 = rather positive, 3 = neutral,
4 = rather negative, 5 negative). Figure 1 summarizes the
results of this study, which demonstrated a trend toward a
more positive perception of radioactivity after completing
an RIT. Slovic (/7) reached similar conclusions although he
was unable to quantify this phenomenon.

Patients who received RIT also became more positive in
their view of this treatment during long-term follow-up
(45). This finding was also confirmed by a quantitative
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FIGURE 1. Subjective patient perception of radioactivity on a

scale of 1-5 (n = 68) (1 = positive, 2 = rather positive, 3 = neutral,
4 = rather negative, and 5 = negative). Changes with means of 3.5
(general) and 2.7 (RIT) are statistically significant (P = 0.01) (44).
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analysis (Fig. 2). This result was largely explained by
patients’ satisfaction with the outcome of RIT. However,
it is noticeable that the general concept of radioactivity did
not significantly change the attitude of the patients and that
their generally negative attitude remained. In the context of
the generally positive experiences that patients had with
RIT, this result indicates that the patients’ personal benefit
seems to be dissociated from their general ideas about radi-
ation. Slovic (/7) and Weart (48) reported similar observa-
tions, which also corresponded to the results of numerous
cultural studies (56-58).

MISCONCEPTIONS AMONG NON-NUCLEAR MEDICINE
CLINICIANS AND MEDICAL STUDENTS

Knowing the reasoning of patients can be helpful when
providing them with relevant information either while
establishing the diagnosis or during therapy. Unfortunately,
students and physicians seem to share with patients
uncertainties about the effect of ionizing radiation (or
radiation protection).

For example, a study group from Pakistan (59) docu-
mented that medical students at the end of their training
gravely misjudged diagnostic procedures. “Slightly more
than one-third of the students considered gamma rays more
hazardous than X-rays while the same percentage agreed that
intravenous contrast material used in angiograms was radio-
active. Sixty-seven percent of the students agreed that
nuclear materials used in medicine are potentially explosive,
whereas 18% of students had the opinion that MRI emits
ionizing radiation.” (59). These misconceptions should be of
concern to all of us, because they shape the ideas of future
physicians who will promote their “professional” concepts
that serve as “opinion multipliers” among patients.

Several studies have addressed the issue of dose awareness,
or the lack thereof, among medical professionals. Heyer et al.
showed in their survey of nonradiologic physicians that 8% of
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FIGURE 2. Subjective patient perception of radioactivity on a
scale of 1-5 before and after RIT (n = 29) (1 = positive, 2 = rather
positive, 3 = neutral, 4 = rather negative, and 5 = negative).
Changes with means of 2.3 and 2.0 before and after RIT, respec-
tively, are statistically significant (P = 0.03) (45).
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responders believed exposure of patients to radiation from an
MRI scan was higher than that from a low-dose thoracic CT
scan, thus awarding, as the authors of the study so eloquently
put it, “for the first time an effective dose to MRI” (38). In a
series of interviews with physicians by Gower-Thomas (60),
only 2% of the interviewees were able to correctly answer
more than 50% of the questions on approximate doses of
radiation. The only reason that many physicians were able
to respond correctly to any questions was because they real-
ized that ultrasound examinations do not use ionizing radia-
tion. The degree of knowledge was inversely proportional to
seniority, with consultants scoring lower than junior col-
leagues. On a positive note, another survey confirmed that
appropriate training does increase awareness about radiation
doses among medical professionals (34).

This observation supports the need to educate non—nuclear
medicine clinicians about ionizing radiation relevant to med-
ical imaging, given their legal responsibility as referrers
under the ionizing radiation regulations and their clinical role
of providing accurate information to their patients.

UTILIZING KNOWLEDGE ABOUT THE REASONING
OF PATIENTS

Patients have the right to receive adequate information
before undergoing diagnostic and therapeutic procedures
involving ionizing radiation, and they may rightfully
demand to know the facts. Before the radiologic procedure,
the topic of ionizing radiation should be part of the
conversation between the physician and the patient. In
general, there seems to be a high acceptance of diagnostic
procedures. Patients do not seem to regard the risk as high
and seem to care more about receiving a diagnosis for their
condition than about theoretic considerations. Conversely,
some patients perceive the risk of radiation as so high that
they forgo critical diagnostic procedures.

In nuclear medicine, the situation is somewhat different,
particularly as there may be alternative treatments available,
such as in the case of RIT. Because the reasoning of patients
can significantly influence the therapeutic decision, it is
important to address patient perceptions early. As odd as the
patients’ mental associations and concepts may seem to the
information-imparting physician (50,61), these thoughts form
the subjective reality of the patient and are, for that reason, the
basis for the patient’s decision for or against a therapy (42).

Knowing the concepts described above allows one to
optimize preprocedural conversations with patients: for
example, one could try to more thoroughly address the
jokes and metaphors a patient uses. These not only are an
expression of deeper anxieties but also may be the basis for
a therapeutic decision. A typical standardized preproce-
dural discussion as used in other medical settings cannot be
applied in this setting because of the complexity of the
situation. Perhaps one could build on the experiences of
radiation therapy groups that, as a result of patient-centered
qualitative research, attempt to optimize physicians’ strat-
egies for delivering information (62,63). For example,
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information can be provided in consecutive steps rather
than en bloc (62). Furthermore, the psychologic factors
noted during the conversation come into play (64). For
these reasons, standardization is not appropriate for prepro-
cedure conversations with patients. To the contrary, an indi-
vidualized approach to each patient is required.

Looking ahead, we see 3 major fields of action: educating
patients before their imaging examination and addressing
any remaining concerns they may have during follow-up;
ensuring that imaging protocols are optimized and follow the
as-low-as-reasonably-achievable principle when applicable;
and restricting the overuse of imaging procedures, partic-
ularly those with ionizing radiation. All 3 actions require
support from various individuals, including imaging experts,
medical professionals, technical staff, application specialists
from the manufacturers, and hospital administrators.

CONCLUSION

There are distinct differences between patients and
specialists in their evaluation and perception of ionizing
radiation, both in general and in a medical context. The
perception of patients—as odd as it may seem to experts—
forms a strong basis for the decisions that patients make.
For that reason, the concepts that patients share with their
physicians during informational conversations must be con-
sidered before an investigation or therapy can begin.

It is evident that not only patients but many physicians
outside nuclear medicine and radiology are laypersons with
regard to these specialties. It must be a primary goal of
radiologic and nuclear medical professionals to thoroughly
and carefully educate future opinion shapers. Imaging
experts and clinical staff alike are accountable for selecting
an ionizing radiation imaging examination as part of the
patient work-up, and they are further responsible for
choosing the optimum imaging parameters and protocols.

Furthermore, radiation safety and the role of patient
perception with regard to, for example, CT should be
investigated in future studies. We think that broadening the
scope of investigators to include sociologic and anthropo-
logic aspects would be a fruitful approach.
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