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Purpose: The purpose of this study was to analyze the quality and readability of information regarding
rotator cuff repair surgery available using an online AI software.
Methods: An open AI model (ChatGPT) was used to answer 24 commonly asked questions from patients
on rotator cuff repair. Questions were stratified into one of three categories based on the Rothwell
classification system: fact, policy, or value. The answers for each category were evaluated for reliability,
quality and readability using The Journal of the American Medical Association Benchmark criteria,
DISCERN score, Flesch-Kincaid Reading Ease Score and Grade Level.
Results: The Journal of the American Medical Association Benchmark criteria score for all three cate-
gories was 0, which is the lowest score indicating no reliable resources cited. The DISCERN score was 51
for fact, 53 for policy, and 55 for value questions, all of which are considered good scores. Across question
categories, the reliability portion of the DISCERN score was low, due to a lack of resources. The
Flesch-Kincaid Reading Ease Score (and Flesch-Kincaid Grade Level) was 48.3 (10.3) for the fact class,
42.0 (10.9) for the policy class, and 38.4 (11.6) for the value class.
Conclusion: The quality of information provided by the open AI chat system was generally high across
all question types but had significant shortcomings in reliability due to the absence of source material
citations. The DISCERN scores of the AI generated responses matched or exceeded previously published
results of studies evaluating the quality of online information about rotator cuff repairs. The responses
were U.S. 10th grade or higher reading level which is above the AMA and NIH recommendation of 6th

grade reading level for patient materials. The AI software commonly referred the user to seek advice
from orthopedic surgeons to improve their chances of a successful outcome.

© 2023 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Overall prevalence of rotator cuff abnormalities increases with
age, from 9.7% in patients less than 20 year old to 62% in patients of
80 years and older.37,38 Despite the widespread prevalence, the
decision to proceed with conservative or surgical management of a
rotator cuff tear is not always obvious. Generally, younger patients
with acute or acute on chronic full-thickness tears with loss of
function have the greatest risk of disease progression and the
highest rate of tendon healing, making them strong candidates for
early rotator cuff repair.5,13,18,29,36 Furthermore, patients with small
partial-thickness or full-thickness tears, advanced rotator cuff
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muscle fatty infiltration, and degenerative tears if older than 65
year old may be better suited for conservative treatment prior to
considering surgery.5,8,18,25,28 For medium-risk disease in the
middle of the two extremes, shared-patient decision-making with
an informed discussion of conservative and surgical management
options may be warranted.18

Although patients are often given information resources both
physically and virtually by providers, patients often take it upon
themselves to search for medical information on the internet.
Previously published evaluations of internet information about
rotator cuff repairs have found the available information to be low
quality, often outdated, and written at a reading level too advanced
for the general population. However, websites or videos produced
by academic institutions or physicians were generally of higher
quality.6,9,12,22 In recent years, artificial intelligence (AI) natural
r and Elbow Surgeons. This is an open access article under the CC BY-NC-ND license
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Table I
Full question list sorted by Rothwell classification.

Factewhether something is true, and to what extent
1. Can an x-ray show rotator cuff tear?
2. How do you go to the bathroom after shoulder surgery?
3. How can I tell if I tore my rotator cuff?
4. How much does a rotator cuff surgery cost?
5. Can you wear a bra after shoulder surgery?
6. How long after shoulder surgery can I drive?
7. How long do you have to sleep in a recliner after shoulder surgery?
8. What is the average recovery time for rotator cuff surgery?
Policyewhether a specific course of action should be undertaken to solve a

problem
1. What happens if a torn rotator cuff goes untreated?
2. Can you wait too long for rotator cuff surgery?
3. Can a rotator cuff tear heal on its own?
4. How can I speed up recovery after rotator cuff repair?
5. Will a rotator cuff repair prevent me from getting arthritis?
6. What should I do to get back to playing sports after rotator cuff repair?
7. What happens if I don’t do physical therapy after rotator cuff repair?
8. How long can I wait before I get a rotator cuff repair?
Valueean evaluation of an object, idea, event, or person
1. Is arthroscopic shoulder surgery worth it?
2. Why is rotator cuff surgery so painful?
3. How long does a rotator cuff repair last?
4. Why does a rotator cuff tear hurt more at night?
5. Will a rotator cuff repair return my shoulder back to the way it was before?
6. Should I still get a rotator cuff repair if I can’t afford physical therapy?
7. Can I still get a rotator cuff repair if I don’t have someone to helpme at home?
8. Is rotator cuff surgery major surgery?
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language processing models have become increasingly accessible
and popular due to the immediate production of conversation-style
responses to awide range of questions. As the usage of these AI chat
bots rises, it is important to evaluate the reliability and quality of
this resource to effectively counsel patients on credible online
sources.

The purpose of this study was to evaluate the reliability, quality,
and readabilityof information froma free, onlineAInatural language
processing model (ChatGPT) regarding rotator cuff disease and ro-
tator cuff repair using previously validated scoring systems. Our
hypothesis was that the AI software would generate answers with
poor quality and readability scores regardless of question theme.

Methods

Artificial intelligence and question input

In August 2023, a free AI language processing software,
ChatGPT (GPT-3.5), was queried with twenty-four commonly
asked questions from patients on rotator cuff repair. The list of
questions were curated from a combination of previous studies
into patient internet searches about rotator cuff repair and sports
medicine.15-17,19 Questions were categorized according to the
Rothwell classification into one of three themes that identify what
type of problem is being querieddfact, policy, or value.16,30 As
defined by Rothwell, a question of fact asks whether something is
true, and to what extent. Objective evidence can and should be
employed to answer these questions. A question of policy asks
whether a specific course of action should be undertaken to solve
a problem. Finally, a question of value asks for an evaluation of an
object, idea, event, or person.30 The full list of questions is avail-
able in Table I and the AI generated responses are available in
Supplementary Appendix S1.

Quality analysis

The quality of responses in each group was assessed as a whole
using 2 validated tools: DISCERN score and Journal of the American
Medical Association (JAMA) benchmark criteria.

The DISCERN instrument is a valid and reliable quality assess-
ment tool of written patient information about management op-
tions for a medical problem commonly used in the literature.7,9,22,33

DISCERNwas funded by The British Library and the National Health
Service Research and Development Programme and produced by a
panel consisting of both clinical experts and nonphysician con-
sumer health literature experts.7 It comprises three sections: 8
questions on reliability, 7 questions on treatment information and
lastly an additional overall quality rating. Each question is scored 1-
5, with 1 representing a “definite no” with question not being
fulfilled at all, while 5 represents a “definite yes” with complete
fulfilment of the quality criteria. Scores of 2-4 represent the ma-
terial partially meeting the quality criteria, with the specific num-
ber judged by the raters based on the extent of the shortcomings.
With a maximum score of 80, a score greater than 70 is classified as
“excellent” and a score greater than 50 is classified as “good”. Two
authors (EWand EH) scored the responses independently, and then
openly discussed discrepancies until final scores were agreed upon.

The JAMA34 benchmark criteria comprises four axiomatic stan-
dards to assess the quality of information: authorship, attribution,
disclosure and currency; with each standard scoring 1 point.
‘Authorship’ is important in allowing the reader to identify the
origin of the information, ‘Attribution’ deals with content refer-
encing, ‘Affiliation’ addresses any potential conflict of interest an
author might have and ‘Currency’ addresses whether or not the
content is current and therefore relevant to the reader.
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Readability analysis

The readability of responses in each group was assessed as a
whole using the Flesch-Kincaid Reading Ease Score (FRES)11 and
Flesch-Kincaid Grade Level (FKGL). The FRES is a tool that generates
a score from 0 (unreadable) to 100 (very easy to read) for a given
input using the formula 206.835 - 1.015*(total words/total sen-
tences) - 84.6*(total syllables/ total words). Flesch then later
adapted this into the FKGL, which denotes the minimum level of
U.S.-based schooling a patient must have obtained to be able to
read the material, ie, higher FKGL correlates with more difficult to
understand. The formula for FKGL is as follows: 0.39*(total words/
total sentences) þ 11.8*(total syllables/total words) - 15.59.

Results

Itemized DISCERN scoring is available for each question class in
Table II.

Fact questions

The JAMA Benchmark criteria score was 0, as there was no
referencing to available source material used to compile the an-
swers. The DISCERN score was 51, this is considered a “good”
score. The reliability portion of the DISCERN score was low, owing
to the lack of source material references. Conversely, the quality of
information portion scored high. The FRES was 48.3., and the
FKGL was 10.3, considered to be slightly above a 10th grade
reading level.

Policy questions

The JAMA Benchmark criteria score was 0, as there was no
reference of source material used to compile the answers. The
DISCERN score was 53, qualified as a “good” score. Again, the reli-
ability portion of the DISCERN score was very low since it is not
possible to assess the quality of information sources or assess



Table II
Itemized DISCERN scores by question class.

Rothwell
classification

Fact Policy Value

SECTION 1
Is the publication reliable?
1. Are the aims clear? 1 1 1
2. Does it achieve its aims? 1 1 1
3. Is it relevant? 5 5 5
4. Is it clear what sources of

information were used to
compile the publication
(other than the author or
producer)?

1 1 1

5. Is it clear when the
information used or reported
in the publication was
produced?

1 1 1

6. Is it balanced and unbiased? 2 2 2
7. Does it provide details of

additional sources of support
and information?

1 1 1

8. Does it refer to areas of
uncertainty?

5 5 5

SECTION 2
How good is the quality of

information on treatment
choices?

9. Does it describe how each
treatment works?

4 4 5

10.Does it describe the benefits
of each treatment?

5 5 5

11. Does it describe the risks of
each treatment?

3 4 4

12. Does it describe what would
happen if no treatment is
used?

4 5 5

13. Does it describe how the
treatment choices affect
overall quality of life?

5 5 5

14. Is it clear that there may be
more than one possible
treatment choice?

5 5 5

15. Does it provide support for
shared decision-making?

5 5 5

16. Based on the answers to all
of the above questions, rate
the overall quality of the
publication as a source of
information about treatment
choices

3 3 4

TOTAL 51 53 55
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references for bias. The quality of information portion of the
DISCERN score again received high marks. The FRES was 42.0, and
the FKGL was 10.9, just below an 11th grade reading level.

Value questions

The JAMA Benchmark criteria score was 0, as there was no
referencing to available source material used to compile the an-
swers. The DISCERN score was 55, still considered a “good” score.
Similar to the fact and policy questions, the absence of references
precluded any high scores on the reliability portion of the DISCERN
score. The FRES was 38.4, and the FKGL was 11.6, between an 11th

and 12th grade reading level.

Discussion

The most important finding from this study was that the quality
of information provided by the open AI chat system was generally
good across all three questions classes but had significant short-
comings in reliability of information sources and readability. The
55
DISCERN subsections were somewhat dichotomous for the three
question groups with the reliability portion of the score receiving
close to the minimum score while the treatment information
portion of the score was consistently close to full marks. Our hy-
pothesis was partially correct. The answers required a reading level
too high for the general public but proved to be of good quality
across all question types, with policy and value subsections scoring
higher than the responses to questions of fact. It would be
reasonable to think that questions of fact would be the easiest for
the open AI software given the ability to provide objective evidence
to formulate an answer. However, this study revealed that the AI
system can also effectively generate more nuanced reasoning ie,
often required to provide advice for frequently subjective questions
of policy and value.

AI is exploding inpopularityamong thegeneralpopulation, and its
number of use cases is rapidly expanding due to its ability to imme-
diately synthesize fluent information from unknown sources. The
current versionof ChatGPT is trained fromall publiclyavailable online
data prior to 2022 using a machine-learning process called rein-
forcement learning with human feedback.23 In medicine, it has
shownpotential as an academicwriting tool, sometimes fooling both
humans and other AI platforms.3,4,10,32 The rising popularity of AI is
partially due to the viral news stories of impressive feats such as
passing law school final exams and the United States Medical
Licensing Examination with high levels of insight in its answer ex-
planations.21 AI has already shown the potential for impacts in or-
thopedics beyondwriting such as the creation of outcome prediction
algorithms in trauma, imaging interpretation, and extraction of data
from electronic health records.3,14,20,26,27 Importantly, the ChatGPT
interface specifically discloses that the AI system may occasionally
generate incorrect or harmful content, and our study found that the
responses consistently recommend speaking to an orthopedic sur-
geon for diagnosis and treatment. Regardless, there is an increasingly
prevalent call for curtailing the use of AI technology in medicine
largely due to its lack of transparency.1,24,35 The AI chat bot in this
study never referenced any source material, earning a JAMA bench-
mark criteria score of 0 across the board. While we did not explicitly
ask for accommodating references, this specific AI model has been
shown to produce completely fictitious or incorrect references when
asked to.2,3,31 Although AI technology performs impressively, it
should be used with extreme caution, especially when the user is
untrained in the subject.

The internet provides a wealth of medical information that
otherwise would have been very difficult for patients to access.
However, there is no regulation on what can be published online,
allowing the circumvention of the peer-review process. Studies
have found some high-quality medical information on the internet,
but commonly these resources require a reading level too high for a
layperson, are tedious to locate, or are formatted in a way that does
not appeal to the public.6,9,22 Dalton et al evaluated 59 websites
returned after searching “rotator cuff tear” on popular internet
search engines. They calculated the DISCERN, JAMA, FRES, and FKGL
scores, and found amean DISCERN score of 39.47, mean JAMA score
of 1.72, and mean reading grade level of above 9.9 Interestingly,
they also noted no difference in quality between websites written
by physicians and those with a nonphysician author or unlisted
author. Although the DISCERN score in the current study was
higher than the 59 websites included in Dalton’s study, the lack of
references provided by the AI chat bot prevents the conclusion that
the information was collected from more quality sources than
websites alone. At least on the topic of rotator cuff disease, it ap-
pears that the open AI chat bot provides higher quality information
on the diagnosis and management of rotator cuff tears than the
average website returned on a search engine, albeit at the cost of
worse readability scores. Readability is a major access concern, as
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the average reading level among US adults is no higher than the
eighth-grade level, and the AMA and NIH recommend a 6th grade
reading level for information intended for laypeople.39

Furthermore, Lawson et al performed a comprehensive analysis
of 150websites concerning rotator cuff repairs and found an overall
mean DISCERN score of 44, with academic institution-affiliated
websites scoring a mean of 51.6 while websites controlled by pri-
vate physician groups scored amean of 40.7. They also found a FRES
score of 50.17 on average, corresponding to a mean grade level of
10.98; however, no correlation was found between website read-
ability and DISCERN score.22 They also found that only 26% of
websites cited peer-reviewed sources in any capacity; however, this
still stands in contrast to no peer-reviewed references at all in the
current study. Finally, in a systematic review of online orthopedic
sports medicine information quality assessments, Schwarz et al
found similar results, with amean DISCERN score of 40.55 and FKGL
of 10.24.33 The open AI natural language processing model evalu-
ated in this study performed better than the average website found
through search engines and at a similar level to websites affiliated
with academic institutions.

Limitations

There are several limitations to this study. This evaluation of a
single AI natural language processing model took place at a single
point in time. The ability of the model to produce consistent re-
sponses was not tested. Furthermore, since the model is based on
machine learning and feedback, it will continue to evolve and
improve by its very nature. As outlined in the discussion, AI may
present serious ethical concerns due to its lack of transparency and
potential for incorrect information.

Conclusion

The quality of information provided by the open AI chat system
was generally high across all question types but had significant
shortcomings in reliability due to the absence of source material
citations. The DISCERN scores of the AI generated responses
matched or exceeded previously published results of studies eval-
uating the quality of online information about rotator cuff repairs.
The responses were U.S. 10th grade or higher reading level which is
above the AMA and NIH recommendation of 6th grade reading level
for patient materials. The AI software commonly referred the user
to seek advice from orthopedic surgeons to improve their chances
of a successful outcome.
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