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P atients increasingly turn 
to the Internet to self- 
educate about orthopedic 

conditions.1,2 Accordingly, the 
Internet has become a valuable 
tool in maintaining effective 
physician-patient communi-
cation.3-5 Given the Internet’s 
importance as a medium for 
conveying patient information, 
it is important that orthopedic 
patient education materials 
(PEMs) on the Internet provide 
high-quality information that is 
easily read by the target patient 
population. Unfortunately, 
studies have found that many 
of the Internet’s orthopedic 
PEMs have been neither of 
high quality6-8 nor presented 

such that they are easy for patients to read and 
comprehend.1,9-12

Readability, which is the reading comprehension 
level (school grade level) a person must have to 
understand written materials, is determined by 
systematic formulae12; readability levels correlate 
with the ability to comprehend written infor-
mation.2 Studies have consistently found that 
orthopedic PEMs are written at readability levels 
too high for the average patient to understand.1,9,13 
The readability of PEMs in orthopedics as a whole9 
and within the orthopedic subspecialties of arthro-
plasty,1 foot and ankle surgery,2 sports medicine,12 
and spine surgery13 has been evaluated, but so far 
there has been no evaluation of PEMs in orthope-
dic trauma (OT).

We conducted a study to assess the readability 
of OT-PEMs available online from the American 
Academy of Orthopaedic Surgeons (AAOS) in con-
junction with the Orthopaedic Trauma Association 

Abstract
In this study, we used the Flesch-Kincaid 
Readability Scale to determine the readabili-
ty levels of orthopedic trauma patient educa-
tion materials on the American Academy of 
Orthopaedic Surgeons (AAOS) website and 
to examine how subspecialty coauthorship 
affects readability level.

Included articles from the AAOS online 
patient education library and the AAOS Ortho-
Portal website were categorized as trauma or 
broken bones and injuries on the AAOS online 
library or were screened by study authors for 
relevance to orthopedic trauma. Subsequent-
ly, the Flesch-Kincaid scale was used to de-
termine each article’s readability level, which 
was reported as a grade level. Subspecialty 

coauthorship was noted for each article.
A total of 115 articles from the AAOS 

website were included in the study and 
reviewed. Mean reading level was grade 9.1 
for all articles reviewed. Nineteen articles 
(16.5%) were found to be at or below the 
eighth-grade level, and only 1 article was at 
or below the sixth-grade level. In addition, 
there was no statistically significant differ-
ence between articles coauthored by the 
various orthopedic subspecialties and those 
authored exclusively by AAOS. 

Orthopedic trauma readability materials 
on the AAOS website appear to be written at 
a reading comprehension level too high for 
the average patient to understand.
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Take-Home Points

◾◾ The Flesch-Kincaid Readability 
Scale is a useful tool in  
evaluating the readability  
of PEMs.

◾◾ Only 1 article analyzed in  
our study was below a sixth-
grade readability level.

◾◾ Coauthorship of PEMs with 
other subspecialty groups  
had no effect on readability.

◾◾ Poor health literacy has been 
associated with poor health 
outcomes.

◾◾ Efforts must be undertaken  
to make PEMs more  
readable across medical  
subspecialties.
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(OTA) and other orthopedic subspecialty societies. 
We hypothesized the readability levels of these 
OT-PEMs would be above the level (sixth to eighth 
grade) recommended by several healthcare organi-
zations, including the Centers for Disease Control 
and Prevention.9,11,14 We also assessed the effect 
that orthopedic subspecialty coauthorship has on 
PEM readability.

Methods
In July 2014, we searched the AAOS online patient 
education library (Broken Bones & Injuries section, 
http://orthoinfo.aaos.org/menus/injury.cfm) and the 
AAOS OrthoPortal website (Trauma section, http://
pubsearch.aaos.org/search?q=trauma&client=Ortho-
Info&site=PATIENT&output=xml_no_dtd&prox-
ystylesheet=OrthoInfo&filter=0) for all relevant 
OT-PEMs. Although OTA does not publish its own 
PEMs on its website, it coauthored several of the 
articles in the AAOS patient education library. Other 
subspecialty organizations, including the American 
Orthopaedic Society for Sports Medicine (AOSSM), 
the American Society for Surgery of the Hand 
(ASSH), the Pediatric Orthopaedic Society of North 
America (POSNA), the American Shoulder and El-
bow Surgeons (ASES), the American Association of 
Hip and Knee Surgeons (AAHKS), and the American 
Orthopaedic Foot and Ankle Society (AOFAS), coau-
thored several of these online OT-PEMs as well.

Using the technique described by Badarudeen 
and Sabharwal,10 we saved all articles to be 
included in the study as separate Microsoft Word 
2011 files. We saved them in plain-text format to 
remove any HTML tags and any other hidden for-
matting that might affect readability results. Then 
we edited them to remove elements that might 
affect readability result accuracy—deleted article 
topic–unrelated information (eg, copyright notice, 
disclaimers, author information) and all numerals, 
decimal points, bullets, abbreviations, paragraph 
breaks, colons, semicolons, and dashes.10

Mr. Mohan used the Flesch-Kincaid (FK) 
Readability Scale to calculate grade level for each 
article. Microsoft Word 2011 was used as de-
scribed in other investigations of orthopedic PEM 
readability2,10,12,13: Its readability function is enabled 
by going to the Tools tab and then to the Spelling 
& Grammar tool, where the “Show readability sta-
tistics” option is selected.10 Readability scores are 
calculated with the Spelling & Grammar tool; the 
readability score is displayed after completion of 
the spelling-and-grammar check. The formula used 
to calculate FK grade level is15: (0.39 × average 

number of words per sentence) + (11.8 × average 
number of syllables per word) – 15.59.

Statistical Analysis

Descriptive statistics, including means and 95% 
confidence intervals (CIs), were calculated for 
the FK grade levels. Student t tests were used 
to compare average FK grade levels of articles 
written exclusively by AAOS with those of articles 
coauthored by AAOS and other orthopedic sub-
specialty societies. A 2-sample unequal-variance 
t test was used, and significance was set at P < 
.05. Total number of articles written at or below the 
sixth- and eighth-grade levels, the reading levels 
recommended for PEMs, were tabulated.1,9-12 
Intraobserver and interobserver reliabilities were 
calculated with intraclass correlation coefficients 
(ICCs): Mr. Mohan, who calculated the FK scores 
earlier, now 1 week later calculated the readability 
levels of 15 randomly selected articles10,11; in addi-
tion, Mr. Mohan and Dr. Yi independently calculat-
ed the readability levels of 30 randomly selected 
articles.10,11 The same method described earlier—
edit plain-text files, then use Microsoft Word to 
obtain FK scores—was again used. ICCs of 0 to 
0.24 correspond to poor correlation; 0.25 to 0.49, 
low correlation; 0.5 to 0.69, fair correlation; 0.7 to 
0.89, good correlation; and 0.9 to 1.0, excellent cor-
relation.10,11 All statistical analyses were performed 
with Microsoft Excel 2011 and VassarStats (http://
vassarstats.net/tu.html).

Results
Of the 115 AAOS website articles included in the 
study and reviewed, 18 were coauthored by OTA, 
10 by AOSSM, 14 by POSNA, 2 by ASSH, 2 by 
ASES, 1 by AAHKS, 3 by AOFAS, 1 by AOSSM and 
ASES, and 1 by AOFAS and AOSSM. 

Mean FK grade level was 9.1 (range, 6.2-12; 
95% CI, 8.9-9.3) for all articles reviewed and 9.1 
(range, 6.2-12; 95% CI, 8.8-9.4) for articles exclu-
sively written by AAOS. For coauthored articles, 
mean FK grade level was 9.3 (range, 7.6-11.3; 95% 
CI, 8.8-9.8) for AAOS-OTA; 8.9 (range, 7.4-10.4; 
95% CI, 8.4-9.6) for AAOS-AOSSM; 9.4 (range, 
7-11.8; 95% CI, 8.9-10.1) for AAOS-POSNA; 7.8 
(range, 7.8-9.1; 95% CI, 7.2-9.8) for AAOS-ASSH; 9 
(range, 8.2-9.6; 95% CI, 7.6-10.2) for AAOS-ASES; 
9 (range, 7.9-9; 95% CI, 7.9-9.3) for AAOS-AOFAS; 
8.1 for the 1 AAOS-AAHKS article; 8.5 for the 1 
AAOS-AOSSM-ASES article; and 8 for the 1 AAOS-
AOFAS-AOSSM article (Figure). Nineteen articles 
(16.5%) were found to be at or below the eighth-
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grade reading level, which is the average reading 
level of a US adult,10 and only 1 article was at or 
below the sixth-grade level, the level widely rec-
ommended for PEMs.11 In addition, there was no 
statistically significant difference between articles 
coauthored by the various orthopedic subspecial-
ties and those written exclusively by AAOS. 

For FK readability calculations, interobserver 
reliability (ICC, 0.9982) and intraobserver reliability 
(ICC, 1) were both excellent.

Discussion
Although increasing numbers of patients are 
using information from the Internet to inform their 
healthcare decisions,12 studies have shown that 
online PEMs are written at a readability level above 
that of the average patient.1,9,13 In the present 
study, we also found that OT-PEMs from AAOS 
are written at a level considerably higher than the 
recommended sixth-grade reading level,16 poten-
tially impairing patient comprehension and leading 
to poorer health outcomes.17

The pervasiveness of too-high PEM readability 
levels has been found across orthopedic subspe-
cialties.2,9,12,13 Following this trend, the OT articles 
we reviewed had a ninth-grade reading level on 
average, and only 1 of 115 articles was below the 
recommended sixth-grade level.10 The issue of too-
high PEM readability levels is thus a problem both 

in OT and in orthopedics in general. Accordingly, 
efforts to address this problem are warranted, es-
pecially as orthopedic PEM readability has not sub-
stantially improved over the past several years.18

In this study, we also tried to identify any read-
ability differences between articles coauthored by 
orthopedic societies and articles that were not co-
authored by orthopedic societies. We hypothesized 
that multidisciplinary authorship could improve 
PEM readability; for example, orthopedic societies 
could collaborate with other medical specialties 
(eg, family medicine) that have produced appro-
priately readable PEMs. One study found that the 
majority of PEMs from the American Academy 
of Family Physicians (AAFP) were written below 
the sixth-grade reading level because of strict 
organizational regulation of the production of such 
materials.19 By noting and adopting successful 
PEM development methods used by groups such 
as AAFP,19,20 we might be able to improve OT-PEM 
readability. However, this was not the case in our 
study, though our observations may have been 
limited by the small sample of reviewable articles.

One factor contributing to the poor readability of 
orthopedic PEMs is that orthopedics terminology is 
complex and includes words that are often difficult 
to translate into simpler terms without losing their 
meaning.10 When PEMs are written at a level that 
is too complex, patients cannot fully comprehend 
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Figure. Flesch-Kincaid grade levels for articles coauthored by various orthopedic subspecialty groups. 
Abbreviations: AAHKS, American Association of Hip and Knee Surgeons; AAOS, American Academy of Orthopaedic Surgeons; AOFAS, American Orthopaedic Foot and Ankle 
Society; AOSSM, American Orthopaedic Society for Sports Medicine; ASES, America Shoulder and Elbow Surgeons; ASSH, American Society for Surgery of the Hand; OTA, Ortho-
paedic Trauma Association; POSNA, Pediatric Orthopaedic Society of North America.
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them, which may lead to poor health literacy. This 
problem may be even more harmful when consid-
ering the poor literacy levels of patients at baseline. 
Kadakia and colleagues16 found that OT patients 
had poor health literacy; for example, fewer than 
half knew which bone they fractured. As health 
literacy is associated with poorer health outcomes 
and reduced use of healthcare services,21 optimiz-
ing patients’ health literacy is of crucial importance 
to both their education and their outcomes.

Our study should be viewed in light of some 
important limitations. As OTA does not publish its 
own PEMs, we assessed only OT-related articles 
that were available on the AAOS website and 
were exclusively written by AAOS, or coauthored 
by AAOS and by OTA and/or another orthope-
dic subspecialty organization. As these articles 
represent only a subset of the full spectrum of 
OT-PEMs available on the Internet, our results may 
not be generalizable to the entire scope of such 
materials. However, as AAOS and OTA represent 
the most authoritative OT organizations, we think 
these PEMs would be among those most likely to 
be recommended to patients by their surgeons. 
In addition, although we used a well-established 
tool for examining readability—the FK readability 
scale10-13—this tool has its own inherent limitations, 
as FK readability grade level is calculated purely 
on the basis of words per sentence and total 
syllables per word, and does not take into account 
other article elements, such as images, which also 
provide information.1,10 Nevertheless, the FK scale 
is an inexpensive, easily accessed readability tool 
that provides a reproducible readability value that is 
easily comparable to results from earlier studies.10 
The final limitation is that we excluded from the 
study AAOS website articles written in a language 
other than English. Such articles, however, are im-
portant, as a large portion of the patient population 
speaks English as a second language. Indeed, the 
readability of Spanish PEMs has been investigat-
ed—albeit using a readability measure other than 
the FK scale—and may be a topic pertinent to 
orthopedic PEMs.22

Most of the literature on the readability of 
orthopedic PEMs has found their reading levels too 
high for the average patient to comprehend.1,9-12 The 
trend continues with our study findings regarding 
OT-PEMs available online from AAOS. Although the 
literature on the inadequacies of orthopedic PEMs is 
vast,1,9-12 more work is needed to improve the quali-
ty, accuracy, and readability of these materials. There 
has been some success in improving PEM readabil-

ity and producing appropriately readable materials 
within the medical profession,19,23 so we know that 
appropriately readable orthopedic PEMs are feasible.
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