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Are Artificial Intelligence-generated Patient Leaflets Ready for Clinical
Use? A Readability Comparison across Common Orthopaedic
Procedures
Jamila Tukur Jido', Ahmed Al Wizni’

Learning Point of the Article:

This study highlights that while artificial intelligence platforms such as ChatGPT, Gemini, and DeepSeek can generate patient information
leaflets rapidly, their default outputs are written at a level far above recommended health literacy standards. In contrast, professionally
authored materials from the Royal College of Surgeons of England consistently meet readability guidelines, making them more suitable for
supporting informed consent and patient engagement. Clinicians and educators should be aware that Al outputs require careful review and
adaptation before clinical use.

Introduction: Readable patient information is central to informed consent, shared decision-making, and treatment adherence. With the
emergence of large language models (LLMs), such as ChatGPT, Gemini, and DeepSeek, there is growing interest in their role in generating
health education content. However, the readability of such Al-generated patient information leaflets (PILs) has not been systematically
compared with that of professionally authored materials.

Objective: This study aimed to compare the readability of PILs generated by three generative artificial intelligence (AI) platforms with those
produced by the Royal College of Surgeons of England (RCS England) for three common orthopedic procedures: Carpal tunnel release, total
hip replacement, and total knee replacement.

Materials and Methods: A total of 12 PILs (four per procedure) were analyzed using five validated readability metrics: Flesch reading ease,
Flesch-Kincaid grade level, Gunning Fog Index, simple measure of Gobbledygook (SMOG) Index, and Coleman-Liau Index. Each AI model
was prompted with a standardized instruction to generate a leaflet for the specified procedure. The RCS England leaflets served as the
professional benchmark.

Results: Across all metrics and procedures, RCS England leaflets demonstrated superior readability, with Flesch Reading Ease scores above 70
and Flesch-Kincaid Grade Levels between 5.52 and 7.15. In contrast, Al-generated leaflets frequently exceeded recommended complexity
thresholds, with Grade Levels often above 12 and Gunning Fog and SMOG scores indicating post-secondary reading requirements. ChatGPT
outputs were the mostlinguistically complex, while Geminiand DeepSeek produced intermediate but still suboptimal readability.

Conclusion: While LLMs offer promising avenues for scalable health communication, current Al-generated PILs do not consistently meet
recommended readability standards. Professionally authoredleaflets remain more accessible for the average patient. These findings highlight the
ongoing need for clinician oversight and quality assurance when integrating Al into patient education materials.

Keywords: Patient information leaflets, readability, artificial intelligence, large language models, health literacy, orthopedic surgery, ChatGPT,

Gemini, Deepseek.
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demonstrated a high degree of fluency
in generating human-like text across
diverse domains [7]. Early studies
indicate that Al-generated content is
often both accurate and more readable
or empathetic than conventional
clinical text [8,9, 10]. However, there is
limited empirical evidence comparing
the readability of Al-generated PILs
with those developed through
established professional processes.

Orthopaedic surgery provides a useful

RCS England

context in which to explore this
question. Elective procedures such as
carpal tunnel release, total hip

Figure 1: Flesch reading ease by document and procedure. Bar chart comparing Flesch Reading Ease scores for carpal T eplacement (THR) , and total knee
tunnel release, total hip replacement, and total knee replacement leaflets across four sources: ChatGPT, Gemini, replacement (TKR) are among the

DeepSeek, and the Royal College of Surgeons of England (RCS England). Higher scoresindicate easier readability.

Introduction

A patient’s ability to understand their medical condition,
treatment options, and likely outcomes is fundamental to safe,
effective, and person-centred care [1, 2]. Comprehension of
written health information underpins key aspects of the patient
journey, including informed consent, adherence to treatment,
shared decision-making, and overall satisfaction [3, 4]. One of
the principal tools for communicating such information is the
patient information leaflet (PIL), which provides an accessible
summary of medical or surgicalinterventions [S].

Generative artificial intelligence (AI) has emerged as a
potentially transformative tool in health communication [6].
Large language models (LLMs) such as ChatGPT (OpenAl),
Gemini (Google DeepMind), and DeepSeek have
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most commonly performed globally
and carry substantial implications for
pain, mobility, function, and recovery [11]. Patients
undergoing these operations frequently access or are given
detailed written guidance about perioperative expectations
[12]. Ensuring that this material is comprehensible and
accessible is essential to optimizing engagement and
preparation.

This study aims to address the current evidence gap by
evaluating the readability of AI-generated PILs for carpal tunnel
release, THR, and TKR. For each procedure, we analyzed four
leaflets: One professionally authored by the RCS England and
three generated using ChatGPT, Gemini, and DeepSeek. The
primary objective was to determine whether significant
differences in readability exist between professionally authored
and Al-generated texts.

Five validated readability metrics were used to assess
textual complexity. The Flesch Reading Ease score
evaluates sentence length and syllable count, while
the Flesch-Kincaid grade level estimates the U.S.
school grade needed for comprehension [13]. The
SMOG Index and Gunning Fog Index emphasize
polysyllabic word use, correlating with difficulty for
readers with lower literacy. The Coleman-Liau Index,
designed for automated processing, assesses character
count and sentence structure rather than syllables
14].

To the best of our knowledge, this is one of the first
studies to systematically evaluate the readability of

—

Figure 2: Flesch-Kincaid gradelevel by document and procedure. Bar chart showing Flesch- AI-generated PILs againSt those pro duced bY a
Kincaid grade level across procedures and document sources. This metric estimates the U.S. national surgical body. The findings contribute to an

schoolgradelevel required to understand the text.

evolving discourse on the role of Al in healthcare
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One leaflet was taken from the “Get
Well Soon” series produced by the

Procedure
mmm Carpal Tunnel
mm THA
mmm TKR

Royal College of Surgeons of England
(RCS England), which served as the
professionally written reference. The
remaining three leaflets were created
using free, publicly accessible Al
models: ChatGPT (OpenAl), Gemini
(Google), and DeepSeek. Each model
was given the same prompt: “Please
write me a patient information leaflet
on [insert procedure]”, with the
procedure being either carpal tunnel
release, THR, or TKR. These simple
prompts were intentionally used to

RCS England

reflect real-world scenarios in which

Figure 3: Gunning Fog index by document and procedure. Bar chart comparing the Gunning Fog Index

across the four sources for each orthopaedic procedure. Higher scores indicate more years of formal

education required to understand the text.

communication, with particular relevance to patient education
and health literacy.

Methods

This study was a cross-sectional comparative analysis designed
to assess the readability of PILs relating to three common
orthopedic procedures: Carpal tunnel release, THR, and TKR.
The aim was to compare the accessibility of language between
traditionally authored materials and those generated using Al,
using established readability formulas. As this study used only
publicly available documents and did not involve identifiable
human or patient data, ethical approval was not required.

For each of the three procedures, four leaflets were selected.
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patients or clinicians may use
generative Al tools without advanced
prompt engineering. Only the plain
text output was used for analysis. Any formatting, headings,
images, hyperlinks, or metadata were removed to standardize
the documents. The resulting clean text was used in all further
analyses.

Five different readability formulas were used to assess the
leaflets. These included the Flesch Reading Ease score, the
Flesch-Kincaid Grade Level, the Gunning Fog Index, the
SMOG Index, and the Coleman-Liau Index. These formulasare
widely accepted in the field of health communication, and each
one assesses different aspects of readability, such as word and
sentence length, syllable count, or vocabulary complexity. The
readability scores for each leaflet were calculated using the
textstat package in Python (version 3.10), which applies the

original algorithms behind each

Procedure formula-
mmm Carpal Tunnel 1.
= THA Once readability scores were
mmm TKR

generated, basic descriptive
statistics were calculated for each
leaflet across the three procedure
types. The data generated were
non-parametric in distribution.
However, due to the small sample
size (n = 4 per procedure), further
statistical analysis was not pursued,
as it would be unlikely to yield

RCS England

meaningful or generalizable results.

Instead, this study serves as a
preliminary exploration of the

Figure 4: Simple measure of Gobbledygook (SMOG) Index by document and procedure. Bar chart displaying linguistic comp lexity of AI-
SMOG Indexscores for eachleafletand procedure. The SMOG Index estimates the years of education needed to generated healthcare materials and

understanda passage based on polysyllabic word count.
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highest SMOG Index (16.99). DeepSeek and
Gemini generated intermediate scores,
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although both exceeded the recommended
readability threshold for healthcare materials,
which is typically below the U.S. 8th-grade
level. The Coleman-Liau Index was also
considerably lower for the RCS England leaflet
(3.11), compared with the Al-generated
leaflets, whose scores ranged from 12.13 to
13.34.

RCS England Total hip arthroplasty

As shown in Table 2, similar trends were
observed in the THR leaflets. The RCS

Index scores across document sources for each procedure. This index estimates readability based

on characters per word and sentence length.

aims to inform future work on the optimization and safe
implementation of Alin patient-facing resources.

Results

Readability scores were calculated for PILs relating to three
orthopedic procedures across four sources.

Carpal tunnel release

Readability scores for the carpal tunnel release leaflets are
summarized in Table 1. The leaflet from the RCS England was
the most readable across all five metrics. It achieved the highest
Flesch Reading Ease score (73.71), indicating that it was
significantly easier to read than the Al-generated texts. In
contrast, the leaflet produced by ChatGPT was the most
complex, with the lowest Flesch Reading Ease score (30.50),
the highest Flesch-Kincaid Grade Level (15.99), and the

England leaflet again demonstrated the

highest readability, with the highest Flesch
Reading Ease score (77.26) and the lowest scores across all
otherindices: Flesch-Kincaid Grade Level (6.14), Gunning Fog
Index (9.61), SMOG Index (9.82), and Coleman-Liau Index
(2.79). In contrast, DeepSeek produced the least readable text,
with a Flesch Reading Ease score of 21.24 and a Flesch-Kincaid
Grade Level of 14.31. It also scored the highest on both the
Gunning Fog Index (19.03) and the Coleman-Liau Index
(15.50), reflecting its elevated linguistic complexity. ChatGPT
and Gemini generated leaflets of intermediate complexity, with
Flesch-Kincaid Grade Levels of 12.25 and 11.79, respectively.

TKR

Table 3 presents the readability data for the TKR PILs. As with
the other procedures, the RCS England leaflet was the most
readable, with a Flesch Reading Ease score of 79.70 and the
lowest Flesch-Kincaid Grade Level (5.52). Among the Al-

generated texts, ChatGPT produced the least

Table 1: Carpal tunnel release

readable content, with a Flesch-Kincaid Grade Level
of 16.81 and a Gunning Fog Index of 20.28 — the
highest values recorded across all procedure groups.
DeepSeekscored highest on the Coleman-Liau Index
(15.25) and the SMOG Index (16.17), again

Gemini | 34.52 12.19 16.44 14.44 13.34 indicating elevated linguistic complexity. Gemini’s
output was more readable than the other AI-
ChatGPT | 30.5 15.99 19.62 16.99 1213 generated leaflets but remained more complex than
the RCS England document, with a Flesch Reading
DeepSeek | 33.67 11.48 15.44 13.27 12.98 Ease of 38.01 and a Flesch-Kincaid Grade Level of
11.54.
RCS 73.71 7.15 10.29 10.13 3.11
England
- Comparison of Readability metrics
SMOG: Simple measure of Gobbledygook, RCS: Royal college o ,
of surgeons Fig. 1 illustrates the Flesch Reading Ease scores across

all procedures and document sources. In each case,
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Table 2: Total hip arthroplasty

Gemini | 36.68 | 11.79 16.24 14.28 12.57
ChatGPT 43.1 12.25 15.16 13.93 10.96
DeepSeek | 21.24 14.31 19.03 16 15.5

RCS 77.26 6.14 9.61 9.82 2.79

England

SMOG: Simple measure of Gobbledygook, RCS: Royal college of
surgeons

the RCS England leaflets had the highest readability scores,
exceeding 70 in all three procedures, which indicates text that is
easy to read. By contrast, all Al-generated documents scored
below 45, falling within the “difficult” category. The greatest
discrepancy was observed in the TKR group, where the RCS
England leaflet scored 79.7 compared to a low of 22.98 for
DeepSeek.

Fig. 2 shows the RCS England documents consistently
exhibited the lowest Flesch-Kincaid Grade Levels, ranging from
5.52 to 7.15, indicating a reading age of approximately 11-13
years. In contrast, the Al-generated documents often required
comprehension at a college reading level, with ChatGPT
producing the most complex text in the TKR group (Grade
16.81). These findings suggest that only the RCS England
materials align with health literacy recommendations.

Fig. 3 presents the Gunning Fog Index, with the RCS England
leaflets again demonstrating superior readability (scores
ranging from 8.49 to 10.29). Al-generated documents
consistently exceeded a Fog Index of 15, indicating that they
may not be easily understood without post-secondary
education. ChatGPT’s leaflet for TKR had the highest score
(20.28), suggesting it would be especially difficult for the
general population to comprehend.

As shown in Fig. 4, the SMOG Index results mirrored those of
the other metrics. RCS England leaflets consistently scored
below 11, while Al-generated texts scored between 13 and 17.
Notably, the ChatGPT leaflet for carpal tunnel release scored
the highest overall (16.99), reinforcing concerns about the
densityand complexity of its language for the average patient.

Fig. 5 depicts the Coleman-Liau Index across the different
procedures and document types. The RCS England leaflets had
scores between 2.23 and 3.11, consistent with early secondary
school readability. In contrast, Al-generated texts scored
significantly higher, with DeepSeek reaching a Coleman-Liau

Table 3: Total knee replacement

Gemini | 38.01 11.54 15.94 14.07 12.56
ChatGPT | 30.39 16.81 20.28 17.2 11.58
DeepSeek| 22.98 14.3 19.03 16.17 15.25

RCS 79.7 5.52 8.49 8.95 2.23

England
SMOG: Simple measure of Gobbledygook, RCS: Royal college of

surgeons

Index of 15.5 for THR, indicative of college-level reading.
These results reaffirm that traditional, professionally authored
leaflets are more accessible in terms of sentence and word
structure.

Across all three procedures, the RCS England leaflets
consistently demonstrated the highest readability and the
lowest linguistic complexity across all metrics. These
documents achieved Flesch Reading Ease scores ranging from
73.71 to 79.70, substantially higher than those of the Al-
generated texts, which typically scored below 4S. In the TKR
group, for example, the RCS England leaflet scored 79.70
compared tojust22.98 for DeepSeek.

Flesch-Kincaid Grade level scores revealed a similar trend. RCS
England documents were written at a grade level between 5.52
and 7.1S5, whereas Al-generated texts frequently exceeded grade
11, with ChatGPT reaching 16.81 in the TKR group. Gunning
Fog Index and SMOG Index scores further reinforced this
pattern: Al-generated content consistently demonstrated
higher levels of word complexity, particularly polysyllabic
usage, than the professionally authored documents. The RCS
England leaflets maintained Fog and SMOG values around 9 to
10, while Al-generated documents ranged from 13 to over 17.

The Coleman-Liau Index, which is based on characters per
word and sentence length, also favored the RCS England
leaflets, with scores ranging from 2.23 to 3.11. In contrast, Al-
generated documents often scored between 11 and 15, again
suggesting a significantly more complexreadinglevel.

Discussion

This study compared the readability of PILs relating to three
commonly performed orthopedic procedures authored either
by LLMs or the RCS England. Across all three procedures and
five validated readability metrics, the RCS England leaflets
consistently demonstrated superior readability, achieving
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significantly lower complexity scores that align with
recommended standards for patient-facing health
communication. While the small sample size limited the power
of statistical analysis, descriptive trends were uniform and
clinically meaningful.

These findings offer preliminary evidence that current Al-
generated patient information may not yet meet accepted
standards of readability. The professionally authored leaflets
from RCS England achieved Flesch-Kincaid Grade Levels
ranging from 5.52 to 7.15 and SMOG Index scores below 11,
consistent with the comprehension level expected of
individuals aged 11-13 years. By contrast, Al-generated leaflets
routinely exceeded grade level 13 and recorded high Gunning
Fog and SMOG scores, suggesting their suitability only for
readers with post-secondary education. Gemini produced
moderately more readable outputs, but still fell short of the
benchmark setby RCS England.

This discrepancy is significant in the context of health literacy.
NHS England and international bodies such as the World
Health Organization recommend that patient education
materials be pitched at a level accessible to individuals with
reading skills equivalent to a U.S. 6th to 8th grade level [ 15, 16,
17]. However, a substantial proportion of the UK population
does not meet this threshold. The 2011 Skills for Life Survey
estimated that up to 43% of working-age adults in the UK lack
the literacy skills necessary to fully understand written health
information [18]. Such disparities in reading ability present a
major barrier to equitable healthcare, as patients may struggle
to understand their diagnoses, treatment options, or post-
operative instructions [19].

The emergence of generative Al platforms such as ChatGPT,
Gemini, and DeepSeek offers an exciting opportunity to scale
the production of customized health content. These tools are
already being used informally by patients to generate
explanations of diagnoses, medications, and surgical
interventions [20]. However, our study suggests that their
default outputs may not yet be suitable for direct patient use
without post-processing.

It is important to recognize that the strength of professionally
authored materials, such as those from RCS England, may lie in
their development process. These leaflets typically benefit
from multidisciplinary authorship, peer review, clinical
endorsement, and adherence to national guidelines. Their
superior readability may reflect deliberate linguistic and
structural choices that AI models, at present, are not
consistently capable of replicating [8].

This study has several strengths. It is among the first to directly
compare multiple Al platforms against a national professional
standard across several surgical conditions. The use of five

established readability metrics allows for anuanced assessment
of language complexity. In addition, the focus on three high-
volume orthopedic procedures enhances the real-world
relevance of the findings, as these conditions frequently require
clear patient education in both primary and secondary care
settings.

Nonetheless, several limitations must be acknowledged. The
sample size was small (n = 4 per procedure), limiting statistical
power. Furthermore, readability metrics focus primarily on
surface-level linguistic features such as sentence length and
syllable count. They do not capture other important aspects of
communication, such as tone, layout, cultural relevance, or
factual accuracy. In addition, the prompts used to generate Al
content were intentionally simple to reflect real-world use, but
may not represent the optimal input for generating high-
quality, readable texts. It is also important to note that
readability scores evaluate textual complexity rather than
actual comprehension. While they offer insight into
accessibility, they do not assess how well patients understand
or retain the material. Further research could investigate
whether prompt engineering, post-editing by clinicians, or
future iterations of LLMs might produce more accessible
outputs.

Finally, although the study focused on orthopedic surgical
procedures, the findings may have broader implications.
Similar evaluations in other clinical areas could further
illuminate the potential and limitations of Al in health
communication. Qualitative research could also explore
patient perceptions, understanding, and trust in Al-generated
material.

Conclusion

This study demonstrates that professionally authored PILs
from the RCS England outperform Al-generated alternatives
in terms of readability. While generative AI holds significant
promise for the future of personalized health communication,
there remains a critical need for clinician oversight, expert
editing, and national guidance to ensure outputs are accessible
to all patients. Until Al tools can reliably meet health literacy
standards, professionally written and peer-reviewed materials
remain essential for safe, effective, and equitable patient
education.

Clinical Message

Al-generated patient information leaflets are not yet ready to replace
professionally authored materials in routine clinical practice. Until
readability and accessibility are improved, clinician oversight
remains essential to ensure patients receive information that s clear,
comprehensible, and safe for decision-making.
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