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Enhancing patient education
on the role of tibial osteotomy
in the management of knee
osteoarthritis using a customized
ChatGPT: a readability and quality
assessment
Stephen Fahy*, Stephan Oehme, Danko Dan Milinkovic and
Benjamin Bartek

Centrum für Muskuloskeletale Chirurgie, Charité Universitätsmedizin Berlin, Berlin, Germany
Introduction: Knee osteoarthritis (OA) significantly impacts the quality of life of
those afflicted, with many patients eventually requiring surgical intervention.
While Total Knee Arthroplasty (TKA) is common, it may not be suitable for
younger patients with unicompartmental OA, who might benefit more from
High Tibial Osteotomy (HTO). Effective patient education is crucial for
informed decision-making, yet most online health information has been found
to be too complex for the average patient to understand. AI tools like
ChatGPT may offer a solution, but their outputs often exceed the public’s
literacy level. This study assessed whether a customised ChatGPT could be
utilized to improve readability and source accuracy in patient education on
Knee OA and tibial osteotomy.
Methods: Commonly asked questions about HTO were gathered using Google’s
“People Also Asked” feature and formatted to an 8th-grade reading level. Two
ChatGPT-4 models were compared: a native version and a fine-tuned model
(“The Knee Guide”) optimized for readability and source citation through
Instruction-Based Fine-Tuning (IBFT) and Reinforcement Learning from
Human Feedback (RLHF). The responses were evaluated for quality using the
DISCERN criteria and readability using the Flesch Reading Ease Score (FRES)
and Flesch-Kincaid Grade Level (FKGL).
Results: The native ChatGPT-4 model scored a mean DISCERN score of 38.41
(range 25–46), indicating poor quality, while “The Knee Guide” scored 45.9
(range 33–66), indicating moderate quality. Cronbach’s Alpha was 0.86,
indicating good interrater reliability. “The Knee Guide” achieved better
readability with a mean FKGL of 8.2 (range 5–10.7, ±1.42) and a mean FRES of
60 (range 47–76, ±7.83), compared to the native model’s FKGL of 13.9 (range
11–16, ±1.39) and FRES of 32 (range 14–47, ±8.3). These differences were
statistically significant (p < 0.001).
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Conclusions: Fine-tuning ChatGPT significantly improved the readability and
quality of HTO-related information. “The Knee Guide” demonstrated the
potential of customized AI tools in enhancing patient education by making
complex medical information more accessible and understandable.

KEYWORDS

knee osteoarthritis, high tibial osteotomy, patient education, ChatGPT, readability,
DISCERN criteria, artificial intelligence
Introduction

Osteoarthritis (OA) of the Knee is a common and debilitating

condition, with an estimated lifetime risk of 40% among men and

47% among women (1). The disease causes a significant

impairment in physical function which in turn can have a

significant impact on the mental health of those afflicted (2, 3).

Traditionally, in the early stages of the disease non-surgical

treatment modalities such as physiotherapy, bracing, and joint

injections are employed to relieve symptoms and to try and

prevent further degenerative changes. The efficacy of non-

operative management often wains with disease progression,

leading patients to explore more invasive surgical options,

namely Total Knee Arthroplasty (TKA), Unicompartmental Knee

Arthroplasty (UKA), and corrective osteotomy. While TKA is an

extremely effective procedure, it is not the right procedure for

every patient. Approximately 20% of patients report

dissatisfaction post-operatively, typically younger patients with

higher functional demands and as such, higher postoperative

expectations (4). For patients with symptomatic unicompartmental

disease, procedures such as UKA and High Tibial Osteotomy

(HTO) are well-established treatment options.

Owing to the multitude of treatment options available, careful

patient selection is paramount. Preoperative patient education is

essential to ensure patients have a good understanding of the

indications, risks, and potential benefits of the surgical options

available to them, as well as realistic expectations regarding

postoperative function. The ability of patients to obtain, interpret

and use medical information is referred to as “health literacy”

(5). Historically, pre-operative education was delivered directly

from healthcare providers to patients through in-patient

consultation, or via Patient Education Materials (PEMS). Since

the early 1990s, the widespread rollout of the Internet has

transformed how patients access health information. Patients

view the Internet as a valuable resource for education, often

reporting that internet-based resources are equivalent to, or

superior than, information received from healthcare providers

(6, 7). Despite this, both traditional PEMS, as well as Internet-

based resources have been consistently shown to be written at

literacy levels far exceeding the average level of literacy of

the general public (8–10). This has also been observed in
level; FRES, flesch reading ea
e also asked; PEMS, patient e
ocial sciences; TKA, total kne
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internet-based resources on osteotomies around the knee joint

(11). Various studies have shown, that the average literacy level

in America is in keeping with that of an 8th grade reading level

(12–15). As such, it is pivotal that health information be

delivered at or below this level to maximize retention, optimize

health literacy, and ultimately facilitate the development of

realistic post-operative expectations. Artificial Intelligence (AI)

tools such as ChatGPT, have recently gained popularity among

the general public. These tools have the potential to replace both

traditional PEMS and Internet-based resources by providing

patients with rapid access to individualised information about

their conditions and treatment options. Previous studies in the

field of orthopaedics have found that information provided by

Large Language Models (LLMs) like ChatGPT is often of

moderate to good quality, however, the content has been

consistently found to be too complex for the general public (16–

18). Recent iterations of ChatGPT allow for the development of

custom ChatGPTs tailored to specific tasks. We hypothesized

that when asked common patient-related queries about high

tibial osteotomies, a customised ChatGPT would produce

information of similar quality to the ChatGPT 4 with

significantly improved readability, ultimately making it more

useful as a tool for patient education.
Methods

Question generation

On 05.05.2024, the terms “High Tibial Osteotomy”, “HTO”, and

“Knee Osteotomy” were entered into a Google (www.google.com)

Internet browser. Google generates a “People Also Asked” (PAA)

section for topics searched, listing the most commonly asked

questions by users relating to a given search term. The results

page was refreshed until the top 30 questions were generated for

each search term, duplicate questions were removed leaving 25

questions for final analysis. This technique is commonly employed

in studies assessing the information-seeking behaviour of patients

(19–21). A freshly installed browser and Virtual Private Network

(VPN) was utilized to limit the influence of previous search terms

on our results. The questions were subsequently formatted to
se score; HTO, high tibial osteotomy; IBFT, instruction-based fine-tuning; LLM,
ducation materials; RLHF, reinforcement learning from human feedback; RGL,
e arthroplasty; UKA, unicompartmental knee arthroplasty; VPN, virtual private

frontiersin.org

http://www.google.com
https://doi.org/10.3389/fdgth.2024.1480381
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


TABLE 1 HTO question list.

1. What is a HTO?

2. What is the purpose of a HTO?

3. How does a HTO work?

4. What happens during HTO surgery?

5. What type of bone graft is used in a HTO?

6. Where is HTO surgery performed?

7. How does HTO differ from knee replacement surgery?

8. What other procedures can be done instead of a knee replacement?

9. How successful is a HTO?

10. Can a HTO fail? What is the failure rate?

11. How painful is a HTO?

12. How long does recovery take after a HTO?

13. What should I expect directly after my HTO?

14. How do I sleep after a HTO?

15. Can I walk straight away after a HTO?

16. How long will I need crutches after a HTO?

17. What is the aftercare required following a HTO?

18. Do I need a cast after a HTO?

19. How long before I can return to work after a HTO?

20. When can I drive after a HTO?

21. When can I return to sports after a HTO?

22. How long will I stay in the hospital after a HTO?

23. At what age is a HTO most suitable?

24. What are the risks and draw backs of a HTO over a knee replacement?

25. What are the benefits and advantages of a HTO over a knee replacement?

Flesch-Kincaid Reading Grade Level 3.0

Gunning Fox Index: 6.5

Flesch Reading Ease 87.6
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ensure that they were written at, or below, the average American

reading level of 8th grade so as to not artificially inflate the

complexity of the responses given by ChatGPT (see Table 1).
ChatGPT-4 configuration

Native ChatGPT-4
The native ChatGPT-4 model used in this study was the

standard version provided by OpenAI, without any additional

fine-tuning or customization. This model represents a general-

purpose configuration designed to generate responses across a

broad spectrum of topics using the architecture of GPT-4.
Fine-tuned ChatGPT-4 “knee guide”
The custom ChatGPT model, named “The Knee Guide,” was

fine-tuned to ensure it placed particular emphasis on readability,

clarity, and the accuracy of source citation in the responses it

produced. This was performed using two main techniques:

Instruction-Based Fine-Tuning: The model was fine-tuned

using a set of instructions to produce responses at a 8th-grade

reading level. This involved instructing the model to use simple,

direct language and avoid words with three or more syllables. It

was instructed to refrain from using medical jargon and to

replace it with commonly understood terms. For example, the

term “osteotomy” was referred to as “HTO” with a simple

definition provided.
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Reinforcement Learning from Human Feedback (RLHF):

This technique allowed refinement of the model through the

provision of feedback on its responses. This feedback loop

helped improve the clarity, readability, and accuracy of the

information provided by the model. Human reviewers assessed

the model’s outputs and guided it towards producing more

user-friendly and well-sourced responses before its utilisation

for the topic of HTO.
Data collection and analysis

On 07.05.2024 the questions were posed to both the native

ChatGPT-4 and the custom Knee Guide model simultaneously.

Each response was saved in a separate Microsoft Word

document for ease of analysis. Hyperlinks were removed from

the responses to ensure the readability software focused solely

on textual readability.
Quality assessment

The DISCERN criteria were used to assess the quality of the

responses given. The DISCERN criteria are frequently used for

the assessment of the quality of written consumer health

information, either online or in PEMs. It consists of 16

questions, each rated from 1 to 5. Questions 1–8 assess content

reliability, and questions 9–15 directly assess the information

provided regarding treatment choices including the potential

benefits, risks, and alternative treatments available. The final

question assesses the perceived quality of all of the information

provided. The maximum score is 80, with scores of 70 and above

deemed “excellent”, and scores of 50 and above deemed “good”

(22). Three experienced orthopaedic surgeons specialized in the

field of Knee surgery (listed authors (BB, SO, DM), rated the

responses yielded by the two models. The raters were blinded to

the ChatGPT model used.
Assessment of readability

The Readability Studio Professional Edition Program

(Oleander Software Ltd., version 2019) was used for the

assessment of readability (23). This software evaluates

readability using a host of assessment tools to assess the

complexity of a text, in this study we assessed readability

using the Flesch Reading Ease Score (FRES) and the Flesch–

Kincaid Reading Grade Level (FKGL) (Supplementary

Table 1). The Reading Grade Levels (RGLs) reported are

indicative of the United States (US) grade level required to

comprehend the text. The FRES rates the complexity of a text

as a score from 0 to 100, with scores of 60 and above

recognized as “plain English”, which would be easily

understood by 13- to 15-year-old students.
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Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics

(version 29.0.0.0). Interrater reliability for DISCERN Scores was

evaluated using the intraclass correlation coefficient within a two-

way mixed model. To determine statistically significant

differences between groups, the Wilcoxon matched-pairs signed

rank test was employed, focusing on the mean total DISCERN

criteria score, the mean score per DISCERN criteria category,

and readability. This study required no ethical approval.
Results

DISCERN score

The mean DISCERN score of responses given by ChatGPT 4

was 38.41 (range 25–46), with the maximum score being 80,

indicating responses of poor quality. The mean DISCERN score

for answers given by “the Knee Guide” was 45.95 (range 33–66),

indicating responses of moderate quality. Cronbach’s Alpha was

0.86, indicating good interrater reliability. “The Knee Guide”

had a significantly higher DISCERN score than ChatGPT 4

(p < 0.001). “The Knee Guide” was significantly better than

ChatGPT4 concerning the clarity of the responses yielded,

response relevance, source citation, the provision of external

sources, discussion of potential treatment benefits, stressing the
FIGURE 1

Reading grade level for ChatGPT version 4 (green) vs the “fine-tuned” Chat
bounds of each box depict the interquartile range; the whiskers show the l

Frontiers in Digital Health 04
availability of alternative treatments, the consequences of

conservative management, as well as the importance of shared

decision making between patient and healthcare professional.
Readability

Answers produced by “The Knee Guide” had a significantly

lower RGL than those produced by ChatGPT 4 (p≤ 0.001). The

mean FKGL for the “Knee Guide” was 8.2 (range 5–10.7, ±1.42),

while responses given by ChatGPT 4 had a mean FKGL of 13.99

(range 11–16, ±1.39) (Figure 1). Of the answers given by

ChatGPT 4, none were written at or below the recommended 8th

grade reading level. Furthermore, the FRES was significantly

higher in the responses given by “The Knee Guide” in

comparison with ChatGPT4. The mean FRES of “The Knee

Guide” was 60 (range 47–76, ±7.83) indicating good readability

consistent with an 8th grade reading level, while ChatGPT 4 had

a mean FRES of 32 (range 14–47, ±8.3) indicating significant

complexity in the level of readability of responses produced

consistent with an RGL of a College graduate. A significant

between-groups difference was observed (p≤ 0.001).
Discussion

Our research aimed to assess whether a fine-tuned ChatGPT

could provide patients with good quality information in relation
GPT (red). The horizontal line denotes the median; the upper and lower
ower and upper quartiles.
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to tibial osteotomies and Knee osteoarthritis at an appropriate

RGL for the general public. The corresponding author was

responsible for fine-tuning the custom ChatGPT model, this

was achieved through both Instruction-Based Fine-Tuning

(IBFT) as well as Reinforcement Learning from Human

Feedback (RLHF). Both of these techniques are commonly

employed to fine-tune LLMs, and owing to their intuitive

nature, are time-efficient and require little prior knowledge or

skill to implement effectively.

ChatGPT has been previously found to provide moderate to

good quality information for a host of orthopaedic conditions,

including ACL reconstruction, Shoulder stabilisation surgery and

Knee osteoarthritis (16–18). Our research found that ChatGPT 4

produced responses deemed to be of poor quality when posed

with common patient questions on high tibial osteotomies.

ChatGPT 4 consistently scored poorly with respect to source

citation and provision of external supports for patients. In

contrast, the “fine-tuned” ChatGPT was deemed to produce

answers of fair to good quality. The “Knee-Guide” was

significantly better ChatGPT 4 in almost every DISCERN

category. The fine tuning process allowed the model to provide

clear, understandable, and personalised information to patients,

as well as placing a particular emphasis on clarity of source

citation and provision of external sources, both key factors in

improving the trustworthiness of the information produced for

patients and healthcare providers.

Our research highlighted a consistent problem with AI

tools like ChatGPT, in that the complexity of responses given

often far exceeds the literacy levels of the general public. The

mean reading grade level of responses given by ChatGPT 4

was 13.99, consistent with a university sophomore, with no

responses being delivered at the 8th grade reading level. The

use of such complex language creates an unnecessary

barrier to the widespread utilization of LLMs as a tool for

patient education. Our research has demonstrated, that with

little expertise, and minimal time commitment, LLMs like

ChatGPT can be fine-tuned to drastically improve their

accessibility, and as such make them valuable tools for

patient education.

Our study is not without limitations, we chose to utilize the

DISCERN score to assess the quality of information provided by

ChatGPT. We chose the DISCERN score as it is the most

commonly used scoring tool for the assessment of internet-based

patient education material. While the DISCERN score has been

shown to be both reliable and reproducible in the assessment of

online PEMS and traditional patient education leaflets, its

reliability in the assessment of LLMs is currently unknown.

Owing to the conversational nature of LLMs it is likely that the

assessment of isolated responses given by LLMs may yield

artificially low scores. The development of a reliable and

reproducible quality assessment tool for application in LLMs is

an important topic for future research.

An additional limitation of the study is the realisation that

ChatGPT is a continuously evolving and ever-improving tool.

The quality assessment we conducted may quickly become
Frontiers in Digital Health 05
outdated following the release of newer iterations. Significant

advances have already been observed between ChatGPT-3.5 and

GPT-4, with GPT-4 providing substantially more accurate and

comprehensive patient education materials than ChatGPT 3.5,

with an estimated improvement in response quality of

approximately 30% (24, 25). This dynamic nature of LLMs

underscores the need for continuous evaluation and adaptation

in their applications.
Conclusion

Our research evaluated the quality and readability of

information produced by ChatGPT-4 and a fine-tuned ChatGPT

program in relation to tibial osteotomies. 80% of patients are of

the opinion that AI has the potential to improve healthcare

quality, reduce costs, and increase accessibility and as such it is

vital that its utility in the provision of healthcare information is

scrutinized. We found that ChatGPT-4 provided poor-quality

responses in relation to HTO, with insufficient source citation

and a lack of external support provision. However, through the

use of minimal “fine-tuning” ChatGPT can be utilized to deliver

fair to good quality answers, significantly outperforming

ChatGPT-4 with respect to response quality and readability. This

was achieved through Instruction-Based Fine-Tuning (IBFT) and

Reinforcement Learning from Human Feedback (RLHF),

enabling the model to provide clear, personalized, and

trustworthy information.

Another potential weakness in the use of AI tools like

ChatGPT in patient education is the complexity of language

produced in the responses given. ChatGPT-4’s responses had a

mean RGL of 13.99, far above the average American RGL of

8th-grade level. Again, we noted that through minimal “fine

tuning” this obstacle can be overcome to enhance readability

of responses produced by ChatGPT. In the future, further fine

tuning of ChatGPT models may see them become

reliable tools for patient education, delivering highly

customized and reliable information content to patients in a

time efficient manner.
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