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Abstract

Background The recommended readability of online
health education materials is at or below the sixth- to
eighth-grade level. Nevertheless, more than a decade of
research has demonstrated that most online education
materials pertaining to orthopaedic surgery do not meet
these recommendations. The repeated evidence of this
limited progress underscores that unaddressed barriers
exist to improving readability, such as the added time and
cost associated with writing easily readable materials that
cover complex topics. Freely available artificial in-
telligence (Al) platforms might facilitate the conversion of
patient-education materials at scale, but to our knowledge,
this has not been evaluated in orthopaedic surgery.
Questions/purposes (1) Can a freely available Al dialogue
platform rewrite orthopaedic patient education materials to
reduce the required reading skill level from the high-school
level to the sixth-grade level (which is approximately the
median reading level in the United States)? (2) Were the
converted materials accurate, and did they retain sufficient
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content detail to be informative as education materials for
patients?

Methods Descriptions of lumbar disc herniation, scoliosis,
and spinal stenosis, as well as TKA and THA, were iden-
tified from educational materials published online by or-
thopaedic surgery specialty organizations and leading
orthopaedic institutions. The descriptions were entered into
an Al dialogue platform with the prompt “translate to fifth-
grade reading level” to convert each group of text at or
below the sixth-grade reading level. The fifth-grade read-
ing level was selected to account for potential variation in
how readability is defined by the Al platform, given that
there are several widely used preexisting methods for de-
fining readability levels. The Flesch Reading Ease score
and Flesch-Kincaid grade level were determined for each
description before and after Al conversion. The time to
convert was also recorded. Each education material and its
respective conversion was reviewed for factual inaccura-
cies, and each conversion was reviewed for its retention of
sufficient detail for intended use as a patient education
document.

Results As presented to the public, the current descriptions
of herniated lumbar disc, scoliosis, and stenosis had me-
dian (range) Flesch-Kincaid grade levels of 9.5 (9.1 to
10.5), 12.6 (10.8 to 15), and 10.9 (8 to 13.6), respectively.
After conversion by the Al dialogue platform, the median
Flesch-Kincaid grade level scores for herniated lumbar
disc, scoliosis, and stenosis were 5.0 (3.3 t0 8.2), 5.6 (4.1 to
7.3),and 6.9 (5 to 7.8), respectively. Similarly, descriptions
of TKA and THA improved from 12.0 (11.2 to 13.5) t0 6.3
(5.8 to 7.6) and from 11.6 (9.5 to 12.6) to 6.1 (5.4 to 7.1),
respectively. The Flesch Reading Ease scores followed a
similar trend. Seconds per sentence conversion was median
4.5(3.3t04.9)and 4.5 (3.5 to 4.8) for spine conditions and
arthroplasty, respectively. Evaluation of the materials that
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were converted for ease of reading still provided a suffi-
cient level of nuance for patient education, and no factual
errors or inaccuracies were identified.

Conclusion We found that a freely available Al dialogue
platform can improve the reading accessibility of ortho-
paedic surgery online patient education materials to rec-
ommended levels quickly and effectively. Professional
organizations and practices should determine whether their
patient education materials exceed current recommended
reading levels by using widely available measurement
tools, and then apply an Al dialogue platform to facilitate
converting their materials to more accessible levels if
needed. Additional research is needed to determine
whether this technology can be applied to additional ma-
terials meant to inform patients, such as surgical consent
documents or postoperative instructions, and whether the
methods presented here are applicable to non—English
language materials.

Introduction

The median reading grade level among adults in the United
States is at approximately the sixth- to eighth-grade levels
[7, 12]. Because of this, the American Medical Association
recommends that patient education materials are written
at a sixth-grade reading level [31]. Nevertheless, repeated
research demonstrates that patient education materials
across orthopaedic specialties routinely exceed this rec-
ommendation [2, 9, 16, 18, 20, 24, 28, 30]. Research has
demonstrated that low literacy is associated with delays in
seeking care, presenting with more advanced disease,
higher use of emergency services, and increased risk of
mortality [4, 5, 23]. To guide authors of patient education
materials, organizations such as the National Institutes of
Health and Centers for Disease Control and Prevention
have published writing guides [6, 25].

Nevertheless, a gap remains between a large proportion
of patient education materials in orthopaedics and current
recommendations for readability. Generally, there are
several challenges to ensuring readable patient materials.
For example, assumptions of a patient’s literacy are often
overestimated, and education materials are subject to re-
visions or updates that might not consider readability [11].
However, from a practical perspective, creating readable
materials requires additional time and cost because of the
high level of detail required to limit complexity [8, 11, 25].
Although there are established software platforms to assist
writers in measuring the readability of education materials
[16, 26], converting texts to a more readable format re-
mains limited to manual rewriting. Artificial intelligence
(Al) language modeling may be a means of augmenting the
conversion process and thus limit the obstacles associated
with creating materials with recommended reading

accessibility. Recently developed and freely available Al
dialogue platforms, which are a form of large language
modeling, may be a valuable opportunity for facilitating the
readability of complex materials, such as patient education
content in orthopaedic surgery [13].

Therefore, in this proof-of-concept study, we asked: (1)
Can a freely available Al dialogue platform rewrite or-
thopaedic patient education materials to reduce the re-
quired reading skill level from the high-school level to the
sixth-grade level (which is approximately the median
reading level in the United States)? (2) Were the converted
materials accurate, and did they retain sufficient content
detail to be informative as education materials for patients?

Patients and Methods
Study Overview

This experimental study investigated the capability of an
Al dialogue platform to convert preexisting online patient
education materials to recommended readability levels,
and it evaluated whether conversion via Al maintained
accurate and sufficient information for continued use as a
patient education document (Fig. 1). To evaluate this,
online patient education materials pertaining to two distinct
orthopaedic subspecialties were collected and included two
common topic categories (descriptions of conditions or
treatments). The readability levels of the patient education
materials were measured, and the materials were converted
to a lower reading level using an Al dialogue platform. The
readability of the education material was remeasured, and
each conversion was reviewed for accuracy and detail.

Materials Used

This study focused on patient education materials avail-
able online, given that the internet is a leading resource of
health information for patients and their families [19, 20].
Patient education materials pertaining to spine surgery
and adult reconstruction surgery were selected based on
the authors’ expertise. We selected three common spine
conditions: lumbar disc herniation, spinal stenosis, and
scoliosis. We chose lumbar disc herniation and spinal
stenosis because of the high incidence of these condi-
tions, and we included scoliosis given the plethora of
previous studies examining the readability of scoliosis-
related patient education materials [15-17, 19, 27, 32].
Online patient education materials were acquired from
the American Association of Neurological Surgeons and
three of the leading spine institutions in the United States
(Massachusetts General Hospital, Emory Healthcare, and
the Rothman Orthopaedic Institute). We also selected the
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Fig. 1 Online patient education materials were identified and assessed for readability. Once it was demonstrated that these
materials exceeded current recommended reading grade levels, the text was entered into a freely available artificial intelligence
dialogue platform with the prompt to translate to the fifth-grade reading level. After conversion, the primary outcome was
readability of the converted text. The secondary outcome was a review of all converted texts for retention of sufficient detail so it

could continue to educate patients on the respective topics.

patient education descriptions of TKA and THA, given
that these are two of the most common major orthopaedic
surgeries in the United States [1]. These materials were
acquired from online resources available from the
American Academy of Hip and Knee Surgeons, as well as
three of the leading arthroplasty institutions in the United
States (Massachusetts General Hospital, University of
California at San Francisco, and the Rothman
Orthopaedic Institute). We added these three institutions
to the analysis to increase the variability of education
materials used for conversions. The institutions were
selected by a single author (GK), with consideration of
only the reputation of the institutions in the respective
orthopaedic surgery discipline. An exclusion criterion
was preexisting patient education materials at or below
current readability recommendations, but this criterion
did not need to be applied.

Assessment of Reading Levels and Reading Ease

The descriptions of each selected spine condition and
arthroplasty procedure were measured for readability using
the formulas for the Flesch Reading Ease score and the
Flesch-Kincaid grade level. These readability measures are
the most commonly used in experiments of this sort [29].

Conversion of Reading Materials Using Al and Re-
evaluation

Next, each description was entered into the generative Al

dialogue platform ChatGPT (https://chat.openai.com/chat;
Version January 9, 2023, OpenAl), preceded by the prompt
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“translate to fifth-grade reading level.” We aimed to
convert text to a level at or below the recommended sixth-
grade reading level. We selected the fifth-grade reading
level to account for potential variation in how readability is
defined by the Al algorithm, given that there are numerous
measures of reading level that are widely available [3]. The
converted text material was then reevaluated for both val-
idity and accuracy.

Primary and Secondary Study Outcomes

Our primary study goal was to determine whether an Al
dialogue platform could improve the readability of preex-
isting patient education materials. This was measured using
the Flesch Reading Ease Score and the Flesch-Kincaid
grade level before and after conversion. The time to convert
was recorded. A subanalysis was performed to evaluate
conversion consistency by measuring four independent
conversions of a subset of materials.

Our secondary study goal was to ensure that the con-
verted materials maintained accuracy and the ability to
inform. This was achieved via independent review by each
author. Each original and converted text was evaluated for
the accuracy of the information, and the converted text was
evaluated for preservation of sufficient detail to maintain
the ability for the information to be used for patient
education.

Ethical Approval

The present study was exempt from institutional review
because it did not involve human subjects research.
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Table 1. Samples of patient education materials converted to improved readability by an artificial intelligence dialogue platform

Original description

Converted description

Scoliosis®

Scoliosis is an abnormal lateral curvature of the spine. It is most
often diagnosed in childhood or early adolescence. The spine’s

normal curves occur at the cervical, thoracic, and lumbar regions
in the so-called “sagittal” plane. These natural curves position the
head over the pelvis and work as shock absorbers to distribute

mechanical stress during movement. Scoliosis is often defined as
spinal curvature in the “coronal” (frontal) plane.

TKAP

The first step when making the decision about knee replacement
is to meet with your surgeon to see if you are a candidate for total
knee replacement surgery. Your surgeon will take your medical
history, perform a physical examination, and x-ray your knee.
Even if the pain is significant, and the x-rays show advanced
arthritis of the joint, the first line of treatment is nearly always
nonoperative. This includes weight loss if appropriate, an
exercise regimen, medication, injections, or bracing. If the
symptoms persist despite these measures, then you could
consider surgery.

Scoliosis is when the spine is bent to the side. It is most common
in kids and young teens. The spine is supposed to have three
curves in it, but with scoliosis, the curve is in the wrong place. It
can make the spine look like a “C" or “S” shape. It is measured by
how much the spine is bent but it is more than that. It is 3D
problem which affects the different planes of the spine. The
planes are the coronal plane (front and back), sagittal plane (right
and left), and axial plane (up and down).

When you want to have surgery on your knee, the first thing you
do is talk to a doctor. They will look at your health and take
pictures of your knee. Even if your knee hurts a lot and the

pictures show a problem, the doctor will usually first try other
ways to help. This might be losing weight, doing exercises, taking
medicine, getting shots, or wearing a brace. But if these ways
don’t work and you still have pain, then you might think about
surgery.

Converted description refers to output provided by an artificial dialogue platform after a prompt to “translate to fifth-grade reading

level”.

aSample from the AANS website (https://www.aans.org/en/Patients/Neurosurgical-Conditions-and-Treatments).
PSample from the AAHKS website (https://hipknee.aahks.org/total-hip-replacementy).

Statistical Analysis

Central tendency is represented by median and range.

Results
Lowering Grade Level and Improving Reading Ease

Conversion of the reading materials using a freely available
Al-based dialogue platform resulted in patient education
reading materials in spine surgery and arthroplasty that
were consistently below the threshold of the recommended
sixth-grade level that we sought, and reading ease im-
proved concurrently (Table 1).

Information About Spinal Conditions

As published online by the American Association of
Neurological Surgeons and three leading spine centers, the
descriptions of lumbar disc herniation, scoliosis, and stenosis
all exceeded current readability recommendations, with me-
dian (range) Flesch-Kincaid grade levels of 9.5 (9.1 to 10.5),
12.6 (10.8 to 15), and 10.9 (8 to 13.6), respectively (Table 2).
Furthermore, the median Flesch Reading Ease scores for
lumbar disc herniation, scoliosis, and stenosis were 59.7 (54.7
t061.9),45.1 (22.1t046.5),and 51.8 (41 to 64.5), respectively.

After conversion to a lower reading grade level, the median
Flesch-Kincaid grade levels for lumbar disc herniation, scoli-
osis, and stenosis improved to 5.0 (3.3 to 8.2), 5.6 (4.1 to 7.3),
and 6.9 (5 to 7.8), respectively (Table 2). This represented a
47%, 56%, and 37% reduction in grade level for disc hernia-
tion, scoliosis, and stenosis, respectively (Fig. 2). The median
Flesch Reading Ease scores improved to 80.4 (74.8 to 93), 79
(71.9t0 91), and 75.5 (70.4 to 83.3) for lumbar disc herniation,
scoliosis, and stenosis, respectively. Conversion time was
median 4.5 seconds (3.3 to 4.9) per sentence.

Information About Arthroplasty

As published by the American Academy of Hip and Knee
Surgeons and the three leading arthroplasty centers, the de-
scriptions of TKA and THA all exceeded current readability
recommendations, with median (range) Flesch-Kincaid grade
levels of 12.0 (11.2to 13.5) and 11.6 (9.5 to 12.6), respectively
(Table 3). The median Flesch Reading Ease scores for TKA
and THA were 44.3 (34.3 to 49.6) and 54.1 (41.8 to 58.1),
respectively. After conversion, the median Flesch-Kincaid
grade levels for TKA and THA improved to 6.3 (5.8 to 7.6) and
6.1 (5.4 to 7.1), respectively, which represented 48% and 47%
reductions (Fig. 2). The median Flesch Reading Ease scores
improved to 76.0 (74.9 to 79.2) and 77.1 (73.7 to 82.2) for
TKA and THA, respectively. Conversion time was median 4.5
(3.5 to 4.8) seconds per sentence.
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Copyright © 2023 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.


https://www.aans.org/en/Patients/Neurosurgical-Conditions-and-Treatments
https://hipknee.aahks.org/total-hip-replacement/

2264 Kirchner et al.

Clinical Orthopaedics and Related Research™

Table 2. Readability of condition patient education materials about spinal conditions, before and after conversion by an artificial

intelligence dialogue platform

Massachusetts
Readability AANS  Rothman Orthopaedic Institute =~ Emory Health  General Hospital = Median (range)
Lumbar disc herniation
Original grade 9.1 10.5 9.7 9.3 9.5 (9.1-10.5)
Original reading ease 61.9 58.1 54.7 61.2 59.7 (54.7-61.9)
Converted grade 33 45 55 8.2 5.0 (3.3-8.2)
Converted reading ease 93 844 764 74.8 80.4 (74.8-93)
Scoliosis
Original grade 11.2 15 10.8 14 12.6 (10.8-15)
Original reading ease 45.5 44.6 46.5 221 45.1 (22.1-46.5)
Converted grade 4.1 6.1 5.1 7.3 5.6 (4.1-7.3)
Converted reading ease 91 80.4 77.6 719 79.0 (71.9-91)
Stenosis
Original grade 10.5 13.6 11.2 8 10.9 (8-13.6)
Original reading ease 527 41 50.9 64.5 51.8 (41-64.5)
Converted grade 5 6.6 7.8 7.2 6.9 (5-7.8)
Converted reading ease 833 79 704 72 75.5 (70.4-83.3)

Grade and reading ease represented as Flesch-Kincaid Grade (based on United States school grade level, with grade 12 or greater
representing higher than secondary education level) and Flesch Reading Ease scores (higher scores correlate to material that is

easier to read; range 0-100).

Secondary Analysis of Consistency

Three additional conversions were performed using the
American Association of Neurological Surgeons and
American Academy of Hip and Knee Surgeons patient edu-
cation materials to evaluate the consistency of conversion. The
converted descriptions of lumbar disc herniation, scoliosis, and
stenosis maintained consistent Flesch-Kincaid grade levels at
median (range) of 5.2 (3.3t0 5.8), 6.8 (4.1 t0 6.8), and 5.4 (5 to
6), as well as consistent median Flesch Reading Ease scores of
82.6 (81.2 t0 93), 75.9 (73.2 to 91), and 82.3 (80.7 to 83.3),
respectively (Table 4). Descriptions of TKA and THA were
consistently converted, with median Flesch-Kincaid grade
levels of 7.4 (6.5 to 8.8) and 6.8 (6.3 to 7.4), and median Flesch

10
8 37
60, 37% -48% 7%
6 -47% o
4
2
0
A THA

Stenosis TK

Flesch-Kincaid Grade Level

Herniated disc ~ Scoliosis

® Original grade ™ Converted Grade
Fig. 2 This bar graph represents the magnitude of difference
in Flesch-Kincaid grade levels of patient education materials

before and after conversion by an artificial intelligence di-
alogue platform.
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Reading Ease scores of 71.7 (68 to 79.2) and 78.7 (71.5 to
76.7), respectively.

Content Quality and Accuracy

After an independent review of each preexisting patient
education material and the converted text, there were no
identifiable factual errors or inaccuracies. Furthermore,
each evaluator determined that sufficient detail for patient
education was maintained in each converted text.

Discussion

Despite extensive evidence of deleterious health consequences
associated with low health literacy [4, 5], there has been lim-
ited progress toward improving the readability of patient ed-
ucation materials in orthopaedic surgery [3, 20]. A potential
barrier to improving the readability of patient education ma-
terials is the time and cost associated with following detailed
writing guidelines [11]. The recent emergence of freely
available Al dialogue platforms is a novel opportunity to
convert preexisting patient education materials quickly and
effectively to recommended readability levels. We demon-
strated that converting preexisting patient education materials
on topics regarding orthopaedic surgery to recommended
readability levels is feasible, can be completed efficiently and
consistently, and can maintain sufficient detail and accuracy.

Copyright © 2023 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.
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Table 3. Readability of procedure patient education materials about arthroplasty, before and after conversion by an artificial

intelligence dialogue platform

Rothman Massachusetts University of

Readability AAHKS Orthopaedic Institute  General Hospital California at San Francisco Median (range)
TKA

Original grade 12.2 11.2 1.7 135 12.0 (11.2-13.5)
Original reading ease 429 456 49.6 343 44.3 (34.3-49.6)
Converted grade 6.5 7.6 58 6.1 6.3 (5.8-7.6)
Converted reading ease 79.2 76.4 75.6 749 76.0 (74.9-79.2)
THA

Original grade 12.6 10.5 12.6 9.5 11.6 (9.5-12.6)
Original reading ease 41.8 58.1 527 554 54.1 (41.8-58.1)
Converted grade 7.1 54 5.6 6.6 6.1 (5.4-7.1)
Converted reading ease 77.8 82.2 76.3 737 77.1(73.7-82.2)

Grade and reading ease represented as Flesch-Kincaid Grade (based on United States school grade level, with grade 12 or greater
representing higher than secondary education level) and Flesch Reading Ease scores (higher scores correlate to material that is

easier to read; range 0-100).

Limitations

First, this was a proof-of-concept study, and it did not explore
whether the artificially converted information actually improves
patient comprehension. However, the education material did
maintain accuracy and sufficient detail from the original edu-
cation materials after conversion. Next, although the conver-
sions occurred rapidly, each generated text needed to be
reviewed by a qualified individual to ensure information was
accurate and appropriate before publishing for public viewing.
Ofnote, our study did not evaluate education materials designed
specifically for legal or medicolegal purposes, such as surgical
consent forms. Therefore, true time or cost savings remain un-
clear and would require further investigation, particularly for
education documents with legal purposes. Furthermore, al-
though the Flesch Reading Ease score and Flesch-Kincaid grade
levels are the most widely used readability measures in
healthcare, the validity of these tests is limited at higher reading
levels such as those in secondary education and beyond [29].
Additional research on Al readability conversions might use
alternative readability metrics to validate this method.

Lowering Grade Level and Improving Reading Ease

This study demonstrates that a freely available online Al
dialogue platform can successfully convert preexisting
patient education materials with high-school and college-
level reading levels to text at or below the recommended
sixth-grade reading level. Before this study, converting
any form of text to easier readability required manual
conversion, often aided by guidelines such as those pub-
lished by the National Institutes of Health [25]. Manual
conversion or considering readability guidelines while

creating a new education material adds time and cost,
which are undoubtedly barriers to improving the preva-
lence of orthopaedic patient education material readabil-
ity [11]. Furthermore, educational materials pertaining to
orthopaedic surgery represent a unique challenge given
that evidence suggests musculoskeletal health literacy is
lower on average than health literacy in general [22].
Therefore, orthopaedic surgeons or practices can evaluate
the readability of their current patient education materials
and facilitate conversion to recommended readability
levels through a freely available Al platform. Additional
research is needed to determine whether platforms other
than the one we used in our study are similarly effective.
Furthermore, additional investigation is needed to de-
termine whether Al dialogue platforms can be applied to
other educational materials, such as postoperative or
discharge instructions, and whether the methods pre-
sented here are applicable to non—English language
materials.

Content Quality and Accuracy

Despite simplifying the text and making it easier to read
for patients whose reading levels are lower, we believe the
converted patient education content was accurate and
sufficiently detailed to start a conversation in the typical
office setting. This was an important goal of our study
because a notable critique of generative Al dialogue
software is that it may stray from factual information to
fulfill a prompt or answer a question [14]. This again
underscores the need for expert review of the converted
materials before publishing for public viewing. Our study
focused on preexisting patient education materials and
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Table 4. Sequential conversions of the same patient education materials to examine the consistency of conversions by an artificial

intelligence dialogue platform

Conversion number

1 2 3 4 Median (range)

Spine?
Herniated lumbar disc

Converted grade 33 52 52 58 5.2 (3.3-5.8)

Converted reading ease 93 82.5 82.6 81.2 82.6 (81.2-93)
Scoliosis

Converted grade 4.1 6.8 6.8 6.8 6.8 (4.1-6.8)

Converted reading ease 91 732 732 78.6 75.9 (73.2-91)
Stenosis

Converted grade 5 5.6 5.1 6 5.4 (5-6)

Converted reading ease 833 81.5 83.1 80.7 82.3 (80.7-83.3)
Arthroplasty®
TKA

Converted grade 6.5 6.8 8.8 79 7.4 (6.5-8.8)

Converted reading ease 79.2 73.1 68 70.2 71.7 (68-79.2)
THA

Converted grade 7.1 6.3 6.4 74 6.8 (6.3-7.4)

Converted reading ease 77.8 79.7 79.5 71.5 78.7 (71.5-76.7)

Grade and reading ease are represented as Flesch-Kincaid Grade (based on United States school grade level, with grade 12 or
greater representing higher than secondary education level) and Flesch Reading Ease scores (higher scores denote material that is

easier to read; range 0 to 100).

@From the AANS website (https://www.aans.org/en/Patients/Neurosurgical-Conditions-and-Treatments).
PFrom the AAHKS website (https://hipknee.aahks.org/total-hip-replacementy).

avoided exploring the capabilities of creating patient ed-
ucation materials without an original body of text.
Presumably, the AI platform synthesizes alternative
original work to generate the converted materials, but
there is the possibility that the Al platform draws directly
from alternative sources to convert education materials.
The concept of plagiarism by Al is currently under debate
as the technology’s role continues to expand, particularly
in fields such as writing and art [10, 21]. The conclusions
of such debates may affect the range of applications for Al
platforms in clinical practice. A prudent approach in the
meantime may involve including antiplagiarism software
to the review process before disseminating Al-converted
materials.

Conclusion

Our study found that a freely available Al dialogue plat-
form can be used to improve the readability of patient
education materials in a complex field such as orthopaedic
surgery. Professional organizations and orthopaedic
practices can easily assess the readability of their patient
education materials, but improving the reading ease of such

{J:J?@Wolters Kluwer

materials traditionally represents a more cumbersome
process. Using a freely available Al dialogue platform is an
opportunity to simplify the process of improving the
reading ease of patient education materials. The application
of Al in this manner can help reduce health literacy dis-
parities by increasing the prevalence of education materials
at the recommended reading levels. Future research is
needed to determine whether similar methods can dem-
onstrate the effectiveness of Al dialogue platforms using
non—English language education materials or other mate-
rials designed to inform patients, such as postoperative or
discharge instructions.
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