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Abstract
Purpose The vast amount of information found on the inter-
net, combined with its accessibility, makes it a widely utilized
resource for Americans to find information pertaining to med-
ical information. The field of radiology is no exception. In this
paper, we assess the readability level of websites pertaining
specifically to emergency radiology.
Methods Using Google, 23 terms were searched, and the top
10 results were recorded. Each link was evaluated for its read-
ability level using a set of ten reputable readability scales. The
search terms included the following: abdominal ultrasound,
abdominal aortic aneurysm, aortic dissection, appendicitis,
cord compression, CT abdomen, cholecystitis, CT chest, di-
verticulitis, ectopic pregnancy, epidural hematoma, dural ve-
nous thrombosis, head CT, MRI brain, MR angiography, MRI
spine, ovarian torsion, pancreatitis, pelvic ultrasound, pneu-
moperitoneum, pulmonary embolism, subarachnoid hemor-
rhage, and subdural hematoma. Any content that was not writ-
ten for patients was excluded.
Results The 230 articles that were assessed were written, on
average, at a 12.1 grade level. Only 2 of the 230 articles (1%)
were written at the third to seventh grade recommended read-
ing level set forth by the National Institutes of Health (NIH)
and AmericanMedical Association (AMA). Fifty-two percent

of the 230 articles were written so as to require a minimum of
a high school education (at least a 12th grade level).
Additionally, 17 of the 230 articles (7.3%) were written at a
level that exceeded an undergraduate education (at least a 16th
grade level).
Conclusions The majority of websites with emergency
radiology-related patient education materials are not adhering
to the NIH and AMA’s recommended reading levels, and it is
likely that the average reader is not benefiting fully from these
information outlets. With the link between health literacy and
poor health outcomes, it is important to address the online
content in this area of radiology, allowing for patient to more
fully benefit from their online searches.
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Introduction

The Internet is engrained in American society and is a logical
outlet to seek health-related information. Nearly 80% of
Americans have reported searching for health-related informa-
tion on the Internet [1]. Online health information is crucial in
the field of health literacy, which is defined as Bthe degree to
which individuals can obtain, process, and understand the
basic health information and services they need to make ap-
propriate health decisions^ [2]. Unfortunately, approximately
80 million Americans have limited health literacy [2].
Readability is a quantitative measure that correlates with
health literacy and is used to measure the ease with which a
patient can read and understand a particular text [3]. This
measure becomes useful for evaluating textual material re-
garding adherence to the National Institute of Health (NIH)
and American Medical Association’s (AMA) recommenda-
tions that patient education materials be written between a
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third and seventh grade reading level to accommodate the
average American patient [4, 5].

The readability of online patient education materials has
been studied in previous fields [6–25] but has not been ana-
lyzed in the subspecialty of emergency radiology. Health lit-
eracy has been shown to play a role in a patient’s decision to
undergo radiologic testing, with one study showing an asso-
ciation between low health literacy in caregivers and a de-
creased use of radiologic testing [26]. Since health literacy is
correlated with readability, online emergency radiology edu-
cation materials are an important area of concern with regard
to readability so as to promote online educational resources
suitable for the general public. The aim of this paper is to
quantitatively determine the readability of online patient edu-
cation materials concerning emergency radiology imaging
and diagnoses.

Methods

A Google (Mountain View, CA) search was performed for 23
search terms, including: abdominal ultrasound, abdominal
aortic aneurysm, aortic dissection, appendicitis, cholecystitis,
cord compression, CTabdomen, CTchest, diverticulitis, dural
venous thrombosis, ectopic pregnancy, epidural hematoma,
head CT, MR angiography, MRI brain, MRI spine, ovarian
torsion, pancreatitis, pelvic ultrasound, pneumoperitoneum,
pulmonary embolism, subarachnoid hemorrhage, and subdur-
al hematoma. The top 10 unique links specific for patient
education for each term were selected. Search results from
the same Internet domain but with different unique webpages
were considered as separate results. If the website was not
specifically written for patients, such as journal articles, it
was not included in the analysis. The text was subsequently
extracted, converted to plain text, and analyzed for its literary
level. Only relevant educational text was included.

Analysis was performed using Readability Studio
Professional Edition Version 2012.1 (Oleander Software,
Ltd., Vandalia, OH). Text from each link was analyzed with
ten readability assessment scales, all of which are routinely
used in the assessment of medical literature. The scales includ-
ed Flesch Reading Ease (FRE) [27], Flesch-Kincaid Grade
Level (FKGL) [28], Simple Measure of Gobbledygook
(SMOG) [29], Coleman-Liau Index (CLI) [30], Gunning
Fog Index (GFI) [31], New Dale-Chall (NDC) [32],
FORCAST formula [33], Fry graph [34], Raygor Reading
Estimate (RRE) [35], and New Fog Count (NFC) [28].

The FRE scale [27] uses syllables, words per sentence, and
number of sentences to produce a value between 0 and 100
that represents the ease of reading that text. Scores of 0–30
indicate very difficult, 30–50 are difficult, 50–60 are fairly
difficult, 60–70 are standard, 70–80 are fairly easy, 80–90
are easy, and 90–100 are very easy. The remaining nine tests

all produce values that correspond directly with academic
grade level (i.e., a score of 9.0 indicates material written at
the ninth grade level). The FKGL [28] examines the number
of syllables per word and the average number of words per
sentence. The SMOG [29] assesses the number of words with
three or more syllables and the average number of sentences.
The CLI [30] looks at the number of letters per 100 words and
number of sentences per 100 words. GFI [31] evaluates the
number of sentences, number of words, and number of words
with three or more syllables. NDC [32] examines the number
of words per sentence and the percent of unfamiliar words.
The FORCAST formula [33] looks at the number of single-
syllable words in a 150-word sample. The Fry graph [34]
assesses the average number of sentences and syllables per
100 words. The RRE [35] analyzes the average number of
sentences and long words (six or more characters) per 100
words. Finally, the NFC [28] includes the number of complex
words, the number of easy words, and the number of
sentences.

OriginPro (Northamptom, MA) was used for the statistical
analysis in comparing the readability between the 230
websites. A one-way ANOVA in combination with Tukey’s
Honestly Significant Difference (HSD) post hoc analysis was
performed with p < 0.05.

Results

The average reading level of the 230 articles was assessed at a
12.1 grade level. Only 2 of the 230 articles (1%) were written
at the NIH and AMA recommended reading level (third to
seventh grade). Fifty-two percent of the 230 articles were
written so as to require a minimum of a high school education
(at least a 12th grade level). Finally, 17 of the 230 articles
(7.3%) were written at a level that exceeded an undergraduate
education (at least a 16th grade level).

Figure 1 depicts the average reading levels of each individ-
ual search term, with all topics well above the recommended
guidelines. Average reading levels among pneumoperitoneum
websites found the readability at a 14.2 grade level, the highest
of all the searched topics and well above the recommended
guidelines. Chest CTwebsites were the most readable with the
lowest average reading level at a 9.8 reading level. The
SMOG scale found none of the 230 articles to be written
within the guidelines, with all articles being written above a
seventh grade reading level. The FORECAST and CLI had
similar findings, will all 230 articles being written above a
seventh grade level.

A one-way ANOVA and Tukey’s HSD post hoc analysis
demonstrated statistical differences (22,208) = 3.39, P =
0.00001. CT abdomen (mean readability of 10.1 grade level)
was statistically easier to read than ovarian torsion (14.1) and
pneumoperitoneum (14.2). CT chest (9.8) was statistically
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easier to read than dural venous thrombosis (13.5), epidural
hematoma (13.5), ovarian torsion (14.1), pancreatitis (13.5),
and pneumoperitoneum (14.2). Additionally, head CT (10.4)
and MRI spine (10.2) were both more readable than ovarian
torsion (14.1) and pneumoperitoneum (14.2).

Discussion

Patient education materials on websites related to emergency
radiology imaging and diagnoses are written at a much higher
readability level than the recommendations set forth by the
AMA and NIH, contributing to a communication gap between
healthcare providers and the general American public. Our
results are consistent with other studies analyzing the readabil-
ity of patient education materials in the fields of radiology [8,
14, 18, 20, 21, 36].

Radiologic imaging is a vital tool for effective diagnosis
and treatment of patients in an emergency department (ED). A
study analyzing the trends of diagnostic imaging usage over a
10-year period demonstrated a dramatic increase in the use of
both CT and MRI. Between the years of 1997 and 2006, im-
aging using CT doubled and imaging with MRI tripled [37].
Additionally, another study described an increase in ED visits
utilizing either CT or MRI scans from 6% in 1998 to 15% in
2007 [38]. The use of radiologic imaging is becoming exceed-
ingly important in patient evaluation, particularly the ED. The
dramatic increase in the number of patients requiring

radiologic imaging only reinforces the importance of proper
patient education in radiology.

It is evident that patients are interested in learning about
radiology and are actively seeking additional information on
the Internet. For example, the website radiologyinfo.org
receives over one million visitors a month [36]. With this
high demand for information, the field of radiology has an
outstanding opportunity to improve the health literacy of its
patients. Additionally, online information can be quickly
distributed and updated by authors at little cost, making it a
convenient outlet for healthcare providers to supply high-
quality healthcare information [39].

However, the high readability level of the online patient
education material has presented a barrier in communication.
Of the 230 websites analyzed, less than 1% met the NIH and
AMA readability recommendations. Additionally, more than
half (52%) of the websites were written at a level that required
a high school education and 7% required an undergraduate
college education. This study suggests that patient education
material may not be achieving its goal of higher health literacy
among patients. The high readability of material excludes the
average American from the potential benefits of obtaining
higher health literacy and could possibly result in negative
health outcomes. Some of the imaging terms (CT abdomen,
CT chest, CT head, MRI spine) were easier to read than some
of the diagnoses, such as pneumoperitoneum. This could be
related to the inherent difficulty in eliminating the complexity
o f med ica l j a rgon when desc r ib ing t e rms l ike

Fig. 1 The grade levels of
individually searched topics,
analyzing the top 10 links in each
search. The highlighted box
represents the AMA and NIH
recommended third to seventh
grade reading level guidelines
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pneumoperitoneum compared to CT head, which likely can be
simplified into more recognizable terms.

Although the Internet provides an outstanding wealth of
information for patients to take advantage of, a lack of com-
prehension can perpetuate negative health trends associated
with less-informed patients. Patients with low health literacy
are more likely to have poor management of their disease [40],
greater disease progression [41], reduced compliance with
treatment recommendations [42], and lower self-reported
health [43]. A recent study also demonstrated a reduced utili-
zation of radiologic diagnostic testing in the emergency de-
partment for pediatric patients whose caregivers had lower
health literacies [26]. This helps to explain why patients with
limited healthcare literacy often experience disparities in their
overall health, with lower literacy level patients reporting
poorer overall health compared to more literate patients [44,
45]. In today’s healthcare system, patients are encouraged to
make informed healthcare decisions in conjunction with their
providers [46]. In order to make informed decisions, patients
must first be able to do their own research, in addition to
heeding the physician’s advice. Unfortunately, seeking health
literature and comprehending health literature are two vastly
different phenomena. In fact, 3–5% of the total healthcare
costs in the USA are attributed to poor health literacy, further
highlighting the importance of health literacy and the burden it
can have on the health care system [47]. As such, it is imper-
ative that online information is understandable for the average
American so as to encourage informed healthcare decision-
making.

Readability is not an easily measured value, as it is depen-
dent on the measures used to analyze the text. The authors
acknowledge that the readability of educational literature an-
alyzed may very well be under- or overestimated depending
on how the material is analyzed. Readability analysis that
relies on syllable count may falsely inflate the readability
scores assigned to the material, as it is difficult to differentiate
the comprehension levels of multisyllabic words. For exam-
ple, the word Bidentical^ would not be differentiated from the
word Bcephalogram^ in certain assessments of readability.
Additionally, the use of medical terminology in radiology ed-
ucation material is often unavoidable. Much of this scientific
language is inherently longer and contains more syllables,
inflating the readability scores for tests that account for the
number of characters, syllables, or both. However, it has been
shown by some studies that even after eliminating some of the
medical jargon, educational medical literature is still at a read-
ability level above the average American [48]. Each readabil-
ity assessment measures variables differently and each intro-
duces some extent of bias. Multiple assessment scales were
used in this study in order to minimize the effect of inherent
bias within each individual scale. The overall patient compre-
hension of education materials is multifactorial and goes be-
yond simply readability. Other factors besides textual content

can impact comprehension such as website layout or multime-
dia resources. When selecting articles for readability analysis,
we chose the first ten links written specifically for patients
without regard to their content which has inherent limitations.
For example, when searching for diverticulitis, several links
did not mention diagnostic imaging; however, while this may
not be immediately relevant to radiology, these are the
websites patients are most likely to encounter. Also, certain
search terms displayed webpages from the same Internet do-
main. While these are unique webpages, they are published
from the same domain.

Radiologists, other physicians, as well as other individuals
responsible for contents on websites alike can find it challeng-
ing to write education materials at a reading level at which
most Americans can understand. The medical vernacular con-
tains a plethora of long and complex terms that does not help
this endeavor. However, it is vital for physicians to explain
symptoms, procedures, and other health-related information in
a way that excludes a lot of the terminology that can inhibit a
patient’s understanding of the material. Providing patients
with understandable education resources will allow for pa-
tients to take a more active role in their healthcare by enhanc-
ing their understanding of medical literature. Patient education
materials can be composed in a more simplified manner that is
better understood by the general public by using resources
provided by the NIH, the AMA, or the US Center for
Disease Control [3, 4].

Patients are taking an increased interest in their own
healthcare and are utilizing the Internet for supplemental in-
formation on emergency radiology. However, there is a dis-
crepancy between the complexity of online educational re-
sources and patients’ ability to read and comprehend them.
To obtain a higher level of health literacy among patients,
educational resources should be written, or rewritten, accord-
ing to the NIH and AMA readability recommendations.
Adhering to these recommendations will augment the
community’s understanding of radiology and benefit both
practitioners and their patients.
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