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ABSTRACT

Introduction: Surgical consent forms often exceed recommended reading
levels, limiting patient understanding and hindering truly informed decision-
making. Artificial intelligence (Al)-based tools like ChatGPT offer a novel
strategy to improve readability without compromising content accuracy.

Methods: Four standardized spine surgery consent forms from a tertiary
academic center were simplified using ChatGPT. Readability was assessed
before and after simplification using six validated metrics: Flesch-Kincaid
Grade Level, Flesch Reading Ease, Coleman-Liau Index, Automated
Readability Index, Gunning Fog Index, and SMOG Index. Changes were
analyzed using paired t-tests. Linguistic complexity—including total word
count, character count, sentence count, words per sentence, and sentences
per paragraph—was evaluated using one-sample t-tests. Statistical significance
was set at p<0.05.

Results: ChatGPT simplification significantly improved readability across
all measures. Flesch-Kincaid Grade Level decreased from 11.37 to 6.67
(p<0.001), and Flesch Reading Ease improved from 44.51 to 68.88
(p<0.005). Similar improvements were noted in Coleman-Liau (12.00 to
8.09), Automated Readability Index (10.79 to 5.79), Gunning Fog Index
(18.07 to 11.65), and SMOG Index (15.70 to 11.32), all with p<0.005. Linguistic
complexity was also reduced: total words (—43%, p<0.001), characters
(-43%, p<0.001), sentences (—23%, p<0.01), words per sentence (—26%,
p<0.001), and sentences per paragraph (-18%, p<0.001).

Conclusions: ChatGPT significantly enhances the readability of spine
surgery consent forms while preserving essential medical content. This
Al-driven approach may improve patient comprehension and support
more equitable, informed decision-making. These findings highlight the
potential of Al tools to streamline clinical communication and enhance
the informed consent process.

Keywords: Artificial intelligence (Al), surgical consent forms, patient
comprehension, health literacy, ChatGPT
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Introduction

Surgical consent forms and surgeon-patient
communication are crucial aspects of the surgical
informed consent process. Consent forms serve to
simplify complex medical information, translating
pathology and treatment plans into clear,
understandable terms for patients. They facilitate
informed decision-making by outlining the
procedure’s risks, benefits, and specific details,
ensuring patients fully comprehend their treatment.
Ideally, consent forms should be written in plain
language that does not require advanced medical
knowledge to understand. Unfortunately, the
widespread inclusion of nuanced medical terminology
and detailed procedural descriptions frequently causes
gaps in patients’ understanding of the procedure
they will be undergoing.*? Recent advancements in
pre- and post-operative care, surgical techniques,
and recovery protocols have only compounded
this issue. Collectively, these factors have led to
increasingly sophisticated consent forms that are
written at reading levels far above what many patients
in the United States can comfortably comprehend.®#
Although the American Medical Association and
the National Institutes of Health recommend that
patient-facing materials be written at approximately
a 6th-grade reading level, previous studies have shown
that surgical consent forms are commonly written
at high-school or even collegiate reading levels.?>°
This disparity increases readability challenges, raising
the risk of misinterpretation during the consent
process.

To address these challenges, it is crucial to consider
health literacy — largely defined as individuals’ ability
to use basic health information to make informed
decisions about their care.” Studies have consistently
shown correlations between limited health literacy
and lower comprehension of informed consent forms.®
Simplifying the language in surgical consent forms
can enhance health literacy, empowering patients
of all literacy levels to better understand and navigate
their surgical care independently. Traditional efforts
to simplify consent forms have relied on manual
revisions, emphasizing the use of plain language

strategies. While some of these approaches have
demonstrated moderate success, results have been
mixed.*** For example, omission of important
procedural details often accompanies direct these
simplifications of medical jargon.}* Additionally,
the manual process of revising these forms is time-
resource-intensive, and

consuming, requires

substantial effort.

Large language models (LLMs) have recently gained
popularity in multiple domains spanning from
healthcare to education. These models use artificial
intelligence (Al) trained on large language sets to
analyze and modify text inputs based upon user
commands.®* One common subset of LLMs is the
Generative Pre-Trained Transformer (GPT), and the
most well-known may be OpenAl’'s ChatGPT. Recently,
other authors have described the use of ChatGPT to
simplify surgical consent forms for several operative
procedures.'®” However, the scope of investigation
on this topic to date remains limited. A demonstration
of broader applicability across various surgical
subspecialties is needed to definitively characterize
the utility of LLMs for this specific purpose.

Spine surgery, whether performed by orthopaedic
surgeons or neurosurgeons, often features the use
of intricate instrumentation and carries a notable
risk of adverse events. Given the complex nature of
spine surgery, the informed consent process for
spine procedures may benefit substantially from
Al-based methods to improve communication and
ensure adequate comprehension between the
provider and patient. This study aimed to assess the
ability of ChatGPT to simplify surgical consent forms
for various spinal surgeries without compromising
the completeness or accuracy of conveyed information.
We hypothesized that the implementation of
ChatGPT would reduce linguistic variables (e.g.,
total words, sentences, characters) while improving
readability scores of surgical consent forms.
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Methods

CONSENT FORM COLLECTION AND ANALYSIS
This descriptive study was conducted by a spine
research group at a tertiary academic medical
center. Standardized consent forms for a selection
of common spine surgeries were collected from the
department of orthopedic surgery. Specifically,
consent forms were included for: 1) thoracolumbar
decompression with or without stabilization (TLD),
2) lumbar or thoracic posterior microdiscectomy
(LTPM), 3) anterior cervical discectomy with or
without stabilization (ACDF), and 4) posterior
cervical decompression and fusion (PCDF). These
procedures were chosen as they are the most
frequently performed operations at the tertiary care
center at the authors’ institution. A total of eight
unique consent forms were included in the analysis:
four original consent forms corresponding to the
previously mentioned procedure types and their
corresponding Al-converted versions.

Inclusion criteria consisted of institutional, standardized
consent forms used for adult patients undergoing
elective spine surgery within the orthopedic surgery
department. Forms had to be written in English
and publicly available to patients as part of the
preoperative process. Consent forms were excluded
if they were incomplete, handwritten, patient-

modified, non-operative in nature (e.g., for pain
injections), or if they pertained to pediatric cases or
procedures performed outside the scope of spine
surgery.

Following collection, the widely recognized Flesch-
Kincaid Grade Level and Flesch-Kincaid Reading
Ease scoring systems were used to quantify the
readability of the unaltered consent forms. Both
systems rely on two variables: average words per
sentence and average syllables per word, with syllable
counts determined based on the number of vowel
sounds in each word.*®*° The Flesch-Kincaid Grade
Level estimates the approximate United States grade
school reading comprehension level for a given
text. A higher score in this metric corresponds to a
higher grade level and indicates greater complexity.
For instance, a score of 8.0 suggests that the text
is readable by the average eighth-grade student.
The Flesch-Kincaid Reading Ease score evaluates the
readability of a text and reports a score on a scale
ranging from 0 to 100. Higher scores indicate easier-
to-read material. A score of = 60 corresponds to a
reading level understandable for 15- to 17-year-old
students or younger, while a score of < 30
demonstrates a college graduate reading level.*
The formulas used for both scoring systems are
illustrated in Table 1.

Table 1. Readability test formulas and corresponding variables used to evaluate the surgical consent forms.
The variable key defines the components used in the formulas.

Readability Test

Formula

Flesch-Kincaid Grade Level (FKGL)
Flesch-Kincaid Reading Ease (FRE)
Gunning Fog Index (GFI)
SMOG Index
Coleman-Liau Index (CLI)
Automated Readability Index (ARI)

Variable Key

ASW = Average Syllables per Word

L = Average number of letters per 100 words

FKGL = (0.39 x ASL) + (11.8 x ASW) — 15.59
FKRE = 206.835 — (1.015 x ASL) — (84.6 x ASW)
GFl = 0.4 x (ASL + 100 x (Complex Words / Total Words))
SMOG = 1.0430 x SQRT (30 x (Polysyllables / Sentences)) + 3.1291
CLI = (0.0588 x L) — (0.296 x S) — 15.8
ARI = (4.71 x (Characters / Words)) + (0.5 x (Words / Sentences)) — 21.43

ASL = Average Sentence Length (Words per Sentence)
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S = Average number of sentences per 100 words
Complex Words = Words with three or more syllables

Polysyllables = Words with three or more syllables

Formulas were derived from: Coleman-Liau Index?°, Gunning Fog Index?, Flesch-Kincaid Grade Level and
Reading Ease?, SMOG Index?3, and Automated Readability Index.?*

To further evaluate the ability of ChatGPT to simplify
the surgical consents, two additional readability
indices that rely on average number of syllables per
word (ASW) and number of sentences and were
used to analyze the texts: 1) the Gunning-Fog Index,
2) the Simple Measure of Gobbledygook (SMOG)
Index. The Gunning-Fog index gives a numerical
score equivalent to the United Stated grade school
reading comprehension level, with the numbers
13-16 corresponding to undergraduate levels and 17
and above being post-graduate difficulty. The SMOG
index is considered to be one of the most effective
tools to measure the readability of healthcare
related texts and is preferred by the CDC and other
international organizations to ensure their target
audiences will understand the texts.?® The calculation
of the SMOG is similar to the Gunning-Fog (Table 1).

To ensure that the ASW and sentence numbers were
not inducing error into the calculation, the Coleman-
Liau Index and Automated Readability Index (ARI)
were employed, as these tests use the average
word length (AWL) as a variable in their calculation.
The Coleman Liau is commonly used to evaluate
textbooks to ensure they are appropriate for the
grade levels in which they are intended to be used.
The ARl was developed and validated for the United
States Air Force to ascertain universal accessibility
of their documents.?

Al SIMPLIFICATION

The original consent forms were entered into
ChatGPT with the prompt: “Convert this document
to 6th grade reading level without decreasing original
word count by more than 20%.” The sixth grade
reading level was selected as this is approximately
the median reading level within the United States.®
The readability indices were used to determine the
scores of these newly produced documents. These

modified texts were then independently reviewed
by physicians with knowledge of these procedures,
but who were not directly involved in the simplification
process. The physicians assessed the simplified
consent forms for factual accuracy and to ensure
that sufficient information was present to serve its
intended purpose of informed consent. They also
reviewed the documents for basic grammar and
syntax, as well as general readability.

STATISTICAL ANALYSES

Descriptive statistics were used to summarize
readability scores across each index (Flesch-Kincaid
Grade Level, Flesch-Kincaid Reading Ease, Coleman-
Liau Index, Automated Readability Index, Gunning
Fog Index, and SMOG Index), reported as mean +
standard deviation for each consent type and across
all forms collectively. To compare pre- and post-
simplification scores, paired t-tests were performed
for each readability metric. A two-tailed p-value <0.05
was considered statistically significant. Individual t-
test results are reported in the Results section.
Additionally, one-sample t-tests were used to assess
the relative percent reduction in key linguistic
variables (total number of sentences, sentences per
paragraph, words per sentence, total words, and
total characters) following ChatGPT simplification.
All analyses were conducted using Microsoft Excel.

Results

FLESCH-KINCAID GRADE LEVEL AND READING
EASE SCORES

Before simplification, the Flesch-Kincaid Grade Level
had a mean score of 11.37+0.31, and the Flesch-
Kincaid Reading Ease had a mean score of 44.51+
1.38. After Chat-GPT was used to make simplifications
of each consent, the mean Flesch-Kincaid Grade
Level score significantly decreased to 6.67+0.65,
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while the mean Flesch Reading Ease score increased
to 68.88+6.10 (Table 2).

Table 2. Readability scores for procedural consent forms before and after simplification

ACDF LTPM TLD PCDF Mean (SD)
FKGL 11.25 11.02 11.45 11.75 11.37 (0.31)
Original
FKGL 5.83 6.53 7.33 6.97 6.67 (0.65)
Simplified
FKRE 44.82 46.31 43.74 43.17 44.51 (1.38)
Original
FKRE 77.73 66.73 63.77 67.27 68.88 (6.10)
Simplified
CLI 12.00 11.56 12.27 12.15 12.00 (0.31)
Original
CLI 7.85 7.44 9.14 7.92 8.09 (0.73)
Simplified
ARI 10.77 10.39 11.06 10.95 10.79 (0.29)
Original
ARI 5.37 5.00 7.03 5.74 5.79 (0.88)
Simplified
Gunning Fog 18.44 17.75 18.51 17.59 18.07 (0.47)
Original
Gunning Fog 10.73 10.78 12.64 12.43 11.65 (1.03)
Simplified
SMOG 15.82 15.42 15.88 15.68 15.70 (0.20)
Original
SMOG 10.70 10.70 12.04 11.82 11.32 (0.72)
Simplified

A paired t-test demonstrated that ChatGPT
simplification significantly reduced document
complexity across multiple readability indices. Flesch-
Kincaid Grade Level scores decreased [t(3)=17.12,
p<.001] (Figure 1A), and Flesch Reading Ease scores
increased significantly, where higher values indicate
greater readability [t(3)=8.143, p<.005] (Figure 1B).
Similar improvements were observed across other
standard readability measures, including the
Coleman-Liau Index, Automated Readability Index,
Gunning Fog Index, and SMOG Index (Figure 1C-F).

© 2025 European Society of Medicine
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Figure 1. Readability score comparison between original and ChatGPT simplified surgical consent
forms across six standard metrics. Data represent mean + SD. Paired t-tests were used to compare
pre and post simplification scores. Statistical significance is shown as p<0.005 () and p<0.001 (*).

COLEMAN-LIAU INDEX SCORES

Before simplification, the mean Coleman-Liau index
score was 12.00+0.31. After Chat-GPT simplification,
the mean Coleman-Liau index score significantly
decreased to 8.09+0.73 (Table 2). A paired t-test
showed a significant reduction in the Coleman-Liau
index score [{3) =15.02, p<.001] (Figure 1C).

AUTOMATED READABILITY INDEX SCORES
Before simplification, the mean Automated
Readability index score was 10.79+0.29. After Chat-
GPT simplification, the mean Automated Readability
index score significantly decreased to 5.79+0.88
(Table 2). A paired t-test showed a significant reduction
in the Automated Readability index score [£3)
=15.23, p<.001] (Figure 1D).

GUNNING FOG INDEX SCORES
Before simplification, the mean Gunning Fog index
score was 18.07+0.47. After Chat-GPT simplification,

the mean Gunning Fog index score significantly
decreased to 11.65+1.03 (Table 2). A paired t-test
showed a significant reduction in the Gunning Fog
index score [43)=11.34, p<.005] (Figure 1E).

SMOG INDEX SCORES

Before simplification, the mean SMOG index score
was 15.70+0.20. After Chat-GPT simplification, the
mean SMOG index score significantly decreased to
11.32+0.72 (Table 2). A paired t-test showed a
significant reduction in the SMOG index score
[43)=13.72, p<.001] (Figure 1F).

LINGUISTIC VARIABLES

After running the consent forms through ChatGPT
for simplification, a one-sample t-test showed a
significant reduction in all measured linguistic
variables. The mean total number of sentences
decreased by 23% (p =< 0.01), sentences per
paragraph decreased by 18% (p < 0.001), and words
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per sentence were reduced by 26% (p < 0.001).
Additionally, the largest reductions were observed
in mean total words (43%, p < 0.001) and total

characters (43%, p < 0.001). Results are displayed
in Figure 2.

Sentences per Paragraph -{ | i

Total Sentences =

Total Words

Total Characters =

Linguistic Variables

“« o | ¥

*
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[ *
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0

Words per Sentence ‘ | %
T T
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40 60

Percent Reduction after ChatGPT Simplification

Figure 2. Percent reduction of various linguistic variables post-ChatGPT simplification of surgical
consent forms. Statistical significance is denoted as p<0.01 (**) and p<0.001 (***),

PHYSICIAN DOCUMENT REVIEW

The consents were reviewed independently by seven
physicians from the authors’ institution, who were
not involved in the consent simplification process.
All physicians confirmed that every simplified consent
conveyed the necessary information for informed
consent, and contained the relevant information of
the procedures, risks, and benefits. Some physicians
observed grammatical inconsistencies in the
documents but felt they did not affect overall
effectiveness.

Discussion

The inadequate readability of surgical consent forms
has been a long-lasting problem, leading to potential
consequences for patients undergoing surgery
without fully comprehending the information
provided. Despite this early recognition by Grunder
et al., the readability of consent forms remains a
challenge across medical specialties, including spine
surgery, with the average consent form still written
at a reading level far exceeding that of the national
average.?2° Many of these forms disproportionately
impact patients coming from low-income backgrounds,

racial and ethnic minorities, and elderly patients, who
statistically have lower health literacy.***! Simplifying
these forms is essential to address health disparities
and ensure equitable care. Given the rapid integration
of artificial intelligence into clinical practice, we aimed
to assess the potential of Chat-GPT to improve the
readability of spine surgical consent forms.

The average American reads at an estimated 8%
grade level, yet most medical documents, including
surgical consents, are written at a much higher reading
level.>*2" In our analysis, the Flesch-Kincaid Grade
Level scores for the original spine surgical consent
documents corresponded to an 11™ grade reading
level. Their Flesch-Kincaid Reading Ease scores
indicated that the documents are difficult to read
and generally understandable only to individuals
with a college-level reading ability.

The Al-simplified documents, rewritten at 5th-7th
grade reading levels, demonstrated measurable
improvements in readability while remaining medically
accurate. These new scores matched the intended
scores, showing the ability of Chat-GPT to reduce the
Flesch-Kincaid, Coleman-Liau, Automated Readability,

© 2025 European Society of Medicine 7
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Gunning Fog, and SMOG scores when given the
appropriate prompt. Furthermore, the Reading
Ease scores showed that the simplified consents
could generally be understood by 15-17-year-old
individuals, and at a very standard level of
comprehension. We also observed a significant
reduction in linguistic complexity, as measured by
reductions in total number of words, sentences,
characters, words per sentence, and sentences per
paragraph. The improved readability and reduced
complexity of surgical consent forms should enhance
patient understanding, particularly for those with
average reading levels, while also ensuring a
reasonable time commitment for reading the forms
in their entirety.

Traditional interventions to improve consent form
readability, such as recording clinical encounters,
incorporating additional audiovisual material, and
using verbal discussion techniques such as asking
the patient to “teach back” a procedure, have shown
promise.® However, such types of interventions
require significant time and preparation, resources,
and can lead to variability in quality. By integrating
ChatGPT with human expert review, this study
presents a scalable and efficient solution for institutions
looking to improve patient communication as well
as to reduce human labor for manual rewriting.
Practicing spine surgeons reviewed and validated
the Al-refined consent forms to account for any
generalizable inaccuracies and ensure that no
critical information was lost. This combination of
Al-driven simplification and expert review aligns
with broader healthcare trends toward digital
transformation and innovation in patient care.

This study also provides an avenue for ensuring
that informed consent is consistently placed as a
cornerstone of ethical medical practice. If patients
are unable to fully understand the content of the
surgical consent forms, the validity of their consent
becomes ethically questionable. Simplified consent
forms, including those developed with Al assistance,
have been shown to improve readability, patient
comprehension, and satisfaction with the consent

process.'®1"¥-% By helping patients better understand
the nature and implications of their procedure,
clearer consent materials may further strengthen
the trust and collaboration between patients and
physicians that is essential during complex surgical
decision-making. These improvements could also
support better adherence and potentially improved
clinical outcomes, although evidence for these
downstream effects remains limited.

Notably, this potential application of accurate Al-
mediated document simplification is not limited to
consent forms but rather has the potential for a
broader application in healthcare. This methodology
can be applied to a wide range of medical documents,
from discharge instructions to patient education
materials, improving health outcomes across various
medical settings. Furthermore, future projects could
assess Al’s application outside the surgical space,
to hospital communications, through promotional
materials and public websites, as well as outpatient
care, chronic disease management, and preventive
health where understanding instructions and
recommendations is critical to long-term patient
success.*38

This study does have some notable limitations. Firstly,
readability index scores may not fully capture the
other aspects of comprehension, such as cultural
relevance or patient anxiety when reading consent
forms. However, the observed improvement in
readability, as measured by the Flesch-Kincaid
scoring system, provides a promising foundation
for expanding this approach in the future. We
acknowledge that physicians must continue using
original medical terminology and consent forms
when explaining procedures; however, simplified
materials can serve as a valuable tool to enhance
patient understanding. Furthermore, the small sample
size (n=4) reduces the generalizability of the results.
Despite the small sample size, the statistically
significant results suggest potential for reducing
consent form complexity. Moving forward, we plan
to address these limitations by evaluating patient
comprehension through post-intervention surveys
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and interviews, and by increasing the number of
surgical consent forms reviewed. We also intend to
expand this work to other common orthopaedic
procedures and involve additional surgical
departments within our institution, which will allow
us to evaluate the broader applicability of our Al
approach across a larger and more diverse set of
consent forms.

Conclusion

This study demonstrated that ChatGPT can improve
the readability of spine surgery informed consent
forms while preserving the accuracy and completeness
of the information provided. Across all readability
indices, including the Flesch-Kincaid Grade Level
and Reading Ease, Coleman-Liau Index, Automated
Readability Index, Gunning Fog Index, and SMOG
Index, the simplified forms showed markedly lower
complexity and were more consistent with reading
levels appropriate for the general population. These
improvements also reflected significant reductions
in total words, sentences, characters, words per
sentence, and sentences per paragraph. Independent
physician review confirmed that all essential procedural
details, risks, and benefits remained intact in the
simplified versions.

The findings indicate that Al-assisted simplification,
when combined with expert clinical oversight, offers
a scalable and efficient method for improving the
clarity of surgical consent materials. Enhancing
readability has the potential to strengthen patient
comprehension and to support more ethical and
equitable delivery of surgical care. Future work should
expand these methods to additional procedures and
evaluate patient comprehension directly in order to
further establish the clinical value of this approach.
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