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The Internet is a major source of health care information for
patients. The American Medical Association and the National
Institutes of Health recommend that consumer health care
websites be written at a third- to seventh-grade level. The
purpose of this study was to evaluate the level of readability of
patient education websites pertaining to nuclear medicine.
Methods: We searched for 10 terms on Google, collected the
top 10 links for each term, and analyzed their level of readability
using 10 well-established readability scales. Results: Collec-
tively, the 99 articles were written at a grade level of 11.8 (SD,
3.4). Only 5 of the 99 articles were written at the third- to seventh-
grade level recommended by the National Institutes of Health
and the American Medical Association. Conclusion: There is a
clear discordance between the readability level of nuclear medicine–
related imaging terms and the National Institutes of Health and
American Medical Association guidelines. This discordance may
have a negative impact on patient understanding, contributing
to poor health outcomes.
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Today, the Internet serves as an enormous source of
medical information, especially for patients. It contains
valuable resources, is easily accessible from almost any-
where, and helps patients make decisions, for better or
for worse, pertaining to their health. In fact, the number
of individuals using the web to access health information
rose from 54 million in 1998 to over 117 million in 2005
(1). Over 80% of adults research health issues on the Inter-
net, yet more than half fail to communicate this newfound
information to their physician (2,3), thus placing a great
deal of responsibility on these websites regarding their
readability. Readability describes how easily a consumer

can comprehend written text, taking into account content,
style, format, and organization. In a study by the National
Assessment of Adult Literacy, 36% of Americans had no
more than basic health literacy (the ability to understand
simple health information to make appropriate health care
decisions), and another 5% were not even competent
enough to participate in the survey (4,5). These data sug-
gest that over 90 million Americans struggle to understand
the content of the websites they use to obtain their health
care information.

The National Institutes of Health and the American
Medical Association recommend that patient education
resources be written at a third- to seventh-grade level (6,7).
However, recent studies have shown that this recommenda-
tion is not always followed. It appears that many medically
relevant web sources overestimate the reading level of their
users. Hansberry et al. reviewed the readability of patient
education resources from RadiologyInfo.Org and found
that the articles were written at a 10th- to 14th-grade level
(8). One area of medicine in which readability is particu-
larly important is nuclear medicine, because it is vital for
patients to understand any procedure they may undergo to
ensure its success and prognostic value.

Given the complexity of nuclear medicine and the
general public’s likely interest in learning about it, we used
several standard assessment scales to evaluate the level of
readability of nuclear medicine–related websites written for
the lay public.

MATERIALS AND METHODS

In November 2016, a Google search was performed using 10
search terms, and the top 10 links for each term were collected and
individually analyzed for their level of readability using 10 well-
established quantitative readability scales. The search terms
included nuclear imaging, nuclear medicine, PET scan, cardiac
stress test, thyroid scan, VQ scan, bone scan, gamma ray, dexa
[dual-energy x-ray absorptiometry] scan, and radiotracers. Web-
sites not written exclusively for patients were excluded from
the analysis. One of the articles, on radiotracers, contained too
few words to be analyzed with the 10 readability scales and was
excluded from the analysis. The quantitative readability scales
were the Coleman–Liau Index, Flesch–Kincaid Grade Level,
Flesch Reading Ease, FORCAST (Ford, Caylor, Sticht) For-
mula, Fry Graph, Gunning Fog Index, New Dale–Chall, New
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Fog Count, Raygor Readability Estimate, and Simple Measure
of Gobbledygook.

The Coleman–Liau Index measures how understandable text is
using characters (9). Both the Flesch–Kincaid Grade Level and

the Flesch Reading Ease gauge how challenging text is but em-

phasize different factors (10,11): the Flesch–Kincaid Grade Level

places greater weight on sentence length than on word length,

whereas the Flesch Reading Ease does not. The Flesch Reading

Ease creates a score of 0–100, with lower scores indicating more

difficult text. The FORCAST Formula analyzes only vocabulary,

making this scale helpful for text without proper structure (12).

The Fry Graph calculates the grade reading level by considering

the average number of sentences and syllables and displays it on a
graph (13). The Gunning Fog Index estimates the education level
needed for a person to understand a passage on the first reading

(14). The New Dale–Chall calculates how
difficult it is for readers to comprehend
text comprising words that most Ameri-
cans can understand (15). The New Fog
Count is adapted from the Gunning Fog
Index and considers sentence length and
words containing 3 or more syllables to
calculate grade level (11). The Raygor
Readability Estimate evaluates the aver-
age number of sentences and letters per
hundred words and plots them graphically
to estimate grade level (16). Lastly, the
Simple Measure of Gobbledygook deter-
mines the number of years of education
required to understand a passage (17).

RESULTS

In total, 99 articles were analyzed.
The Coleman–Liau Index found the
level of readability to be at a grade level
of 11.4 (SD, 2.7). The Flesch–Kincaid

Grade Level reported the average readability to be at a grade
level of 11.6 (SD, 3.6). The Flesch Reading Ease reported a
mean score of 45.9 out of 100 (SD, 18.5) for the comfort
with which a patient can understand these materials. The
FORCAST Formula and New Dale–Chall determined the
grade level required to understand the articles to be 10.8
(SD, 1.1) and 11.5 (SD, 3.2), respectively. Similarly, both
the Fry Graph (Fig. 1) and the Raygor Readability Estimate
(Fig. 2) found that the average grade level—12.9 (SD, 3.9)
and 11.6 (SD, 4.1), respectively—was too high for the aver-
age American. The Gunning Fog Index found the readability
to be at a grade level of 13.2 (SD, 3.3), whereas the Simple
Measure of Gobbledygook reported a grade level of 13.6
(SD, 2.8). The New Fog Count discovered the average read-

ability to be at a grade level of 9.9 (SD,
3.2), which was the lowest but still
much higher than recommended by the
National Institutes of Health and the
American Medical Association. Collec-
tively, the 99 articles were written at a
grade level of 11.8 (SD, 3.4). Only 5 of
the articles were written at the third- to
seventh-grade level recommended by
the National Institutes of Health and
the American Medical Association. Ad-
ditionally, to be fully understood, 47%
of the material required at least a high
school education (.12th grade) and
11% required at least a college educa-
tion (.16th grade).

DISCUSSION

The power of the Internet as a pri-
mary source of medical information is
stronger now than ever as patients use
it to build their medical knowledge

FIGURE 1. Fry Graph with circles correlating with individual articles and their respec-
tive levels of readability.

FIGURE 2. Raygor Readability Estimate with circles correlating with individual articles
and their respective levels of readability.
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and influence their health care decisions. Over 80% of all
adults use web sources to look up health information, with
the possibility of accessing a seemingly endless number of
medically related texts and web pages (2). Yet despite this
shift in primary medical resources, there appears to be a
disconnection between the readability of medical websites
and the literacy level of the average American. In fact,
numerous studies evaluating the reading level of patient
education resources among a variety of specialties, includ-
ing interventional radiology and neuroradiology, have found
them to be written far above the average American’s literacy
level (18,19).
With regard to nuclear medicine, the Internet can serve a

vital role in helping patients further understand the field and
clarify any misconceptions. However, the results of this study
show that there is a clear discrepancy between the reading
level at which nuclear medicine resources are written and the
reading level of the patients these resources are meant to in-
form. The implications of this chasm range from patients who
are deterred from potentially essential procedures to patients
who develop complications due to noncompliance. Therefore,
given the data presented in this study and the consequences,
it seems efficacious to reevaluate how nuclear medicine re-
sources are written. If such resources are easier to understand,
patients may seek nuclear medicine testing more often.
The limitations of this study include those inherent in

readability scales. They do not take into consideration the
understandability of a word. For example, although DEXA
(dual-energy x-ray absorptiometry) and gamma are short
words, the average patient is unlikely to fully understand
what they mean, and although polysyllabic words such as
appointment are reported by the scales as being more com-
plex, some of these words may be understood by a wide
audience. Additionally, readability scales do not factor in
word order, which affects patient understanding. We also
did not evaluate videos, images, or other nontextual infor-
mation that can contribute to how the written information is
interpreted. Another limitation concerns the homogeneity
in Internet use by patients with different levels of health
literacy. It is possible that less literate people are less likely
to use the Internet. Therefore, future research may include
investing in other avenues to spread comprehensible infor-
mation to all patients regardless of their literacy level. It may
also be beneficial to evaluate each individual search term to
see whether some terms have a lower-grade reading level
than others (e.g., the term bone scan may be deemed more
readable than PET scan). Altogether, these improvements
may help alleviate some of the limitations of the study.

CONCLUSION

The Internet is an omnipresent source of medical
information. The results of this study show that websites
intended to educate and inform patients about nuclear
medicine are written at a reading level well above that of

the average American. This finding may stimulate a re-
assessment of how nuclear medicine material is expressed
and whether it should be altered to include simpler
sentences with smaller words to reach a broader popula-
tion of patients. Such changes may greatly aid both
patients and physicians.
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