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ABSTRACT

Obijective: This study explores the accuracy of ChatGPT in classifying and suggesting approaches for adolescent idiopathic scoliosis,
assessing the level of agreement between the artificial intelligence model’s responses and the evaluations of spine surgery specialists. It aims
to help answer the following question: Is it possible to trust ChatGPT-4 (natural language artificial intelligence) to recommend approaches
for typical everyday cases, aiding less experienced orthopedists or even general practitioners? The proposed analysis seeks to identify
the potential and limitations of applying artificial intelligence to support diagnosis and clinical decision-making without prior training of the
platform. Methods: This is a cross-sectional study involving five fictitious cases of idiopathic scoliosis presented to ChatGPT, which provided
the Lenke classification and a suggested approach for each case. A panel of 37 surgeons evaluated the responses, determined the best
approach, and scored ChatGPT's recommendations on a Likert scale from 1 to 5, reflecting their level of agreement. Results: In simpler
cases (Case 1), ChatGPT showed high agreement with the specialists, with 97.3% of the surgeons agreeing with the recommendation
of “instrumentation surgery” (AC1=0.95). However, agreement was significantly lower in more complex cases (Cases 3 and 5), with only
11.1% and 18.8% of the specialists accepting the Al’'s recommendations, respectively. The model’s accuracy in the Lenke classification
was consistent across all cases, demonstrating its ability to apply standardized criteria. There was no significant correlation between the
surgeons’ experience and their level of agreement with the software. Conclusion: ChatGPT showed potential as an auxiliary tool in the
diagnosis and therapeutic planning of scoliosis, particularly in classification, but it is not yet ready to be used reliably and consistently,
especially in more complex cases, particularly when considering clinical nuances and individual patient factors. Although promising, the
adoption of this technology can complement clinical judgment but still requires supervision and does not replace the role of specialized
medical evaluation in the current scenario. Level of Evidence IV; Descriptive Observational Studies.

Keywords: Artificial Intelligence; Scoliosis; Spine; Spinal Fusion; Spinal Curvatures; Comparative Studly.

RESUMO

Objetivo: Este estudo explora a acuracia do ChatGPT na classificagéo e sugestao de condutas para escoliose idiopatica do adolescente, avaliando
o nivel de concordéncia entre as respostas do modelo de inteligéncia artificial e as avaliagbes de especialistas em cirurgia de coluna vertebral. Procu-
rando ajudar a responder a sequinte pergunta: E possivel confiar no ChatGPT-4 (inteligéncia artificial de linguagem natural) para recomendar condutas
diante de casos tipicos do cotidiano, servindo como um auxilio para ortopedistas menos experientes ou até mesmo para médicos generalistas? A
analise proposta busca identificar o potencial e as limitagbes da aplicabilidade da inteligéncia artificial no suporte ao diagndstico e deciséo clinica,
sem treinamento prévio da plataforma. Métodos: Trata-se de um estudo transversal com cinco casos ficticios de escoliose idiopatica apresentados
ao ChatGPT, que forneceu a classificacao de Lenke e uma sugestao de conduta para cada caso. Um painel de 37 cirurgides avaliou as respostas,
emitiu a melhor conduta e pontuou as recomendagdes do ChatGPT em uma escala Likert de 1 a 5, refletindo seu nivel de concordéncia. Resultados:
Em casos mais simples (Caso 1), o ChatGPT demonstrou alta concordancia com os especialistas, com 97,3% dos cirurgides concordando com a
recomendacéo de “cirurgia de instrumentag&o” (AC1=0,95). Entretanto, em casos mais complexos (Casos 3 e 5), a concordéancia foi significativamente
menor, com apenas 11,1% e 18,8% dos especialistas aceitando as recomendagdes da IA, respectivamente. A preciséo do modelo na classificagéo
de Lenke foi consistente em todos 0s casos, evidenciando sua capacidade de aplicar critérios padronizados. Nao houve correlagao significativa
entre a experiéncia dos cirurgies e o nivel de concordancia com o software. Conclusdo: O ChatGPT demonstrou potencial como ferramenta auxiliar
no diagndstico e planejamento terapéutico de escoliose, especialmente na classificagdo, porém ainda n&o esta pronta para ser utilizada de maneira
confiavel e replicavel, especialmente em casos mais complexos, especialmente em considerar nuances clinicas e fatores individuais do paciente.
Apesar de promissora, a adogao dessa tecnologia podera complementar o julgamento clinico, mas ainda requer supervisao e nao substitui o papel
da avaliagdo médica especializada no cenério atual. Nivel de Evidéncia IV; Estudos Observacionais Descritivos.

Descritores: Inteligéncia Artificial;, Escoliose; Coluna Vertebral; Fuséao vertebral;, Curvaturas da Coluna Vertebral; Estudo Comparativo.
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RESUMEN

Objetivo. Este estudio explora la precision de ChatGPT en la clasificacion y sugerencia de conductas para la escoliosis idiopatica del
adolescente, evaluando el nivel de concordancia entre las respuestas del modelo de inteligencia artificial y las evaluaciones de especialistas
en cirugia de columna vertebral. Busca ayudar a responder la siguiente pregunta: ¢Es posible confiar en ChatGPT-4 (inteligencia artificial
de lenguaje natural) para recomendar conductas en casos tipicos del dia a dia, sirviendo como una ayuda para ortopedistas menos ex-
perimentados o incluso médicos generalistas? El analisis propuesto busca identificar el potencial y las limitaciones de la aplicabilidad de
la inteligencia artificial en el apoyo al diagndstico y la toma de decisiones clinicas, sin entrenamiento previo de la plataforma. Métodos: Se
trata de un estudio transversal con cinco casos ficticios de escoliosis idiopatica presentados a ChatGPT, que proporciond la clasificacion de
Lenke y una sugerencia de conducta para cada caso. Un panel de 37 cirujanos evalud las respuestas, emitio la mejor conducta y puntud
las recomendaciones de ChatGPT en una escala Likert de 1 a 5, reflejando su nivel de concordancia. Resultados: En casos mas simples
(Caso 1), ChatGPT demostrd una alta concordancia con los especialistas, con el 97,3% de los cirujanos de acuerdo con la recomendacion
de “cirugia de instrumentacion” (AC1=0,95). Sin embargo, en casos mas complejos (Casos 3y 5), la concordancia fue significativamente
menor, con solo el 11,1% y el 18,8% de los especialistas aceptando las recomendaciones de la IA, respectivamente. La precision del modelo
en la clasificacién de Lenke fue consistente en todos los casos, evidenciando su capacidad para aplicar criterios estandarizados. No hubo
una correlacion significativa entre la experiencia de los cirujanos y el nivel de concordancia con el software. Conclusion: ChatGPT demostrd
potencial como herramienta auxiliar en el diagndstico y la planificacién terapéutica de la escoliosis, especialmente en la clasificacion, pero
aun no esta listo para ser utilizado de manera confiable y replicable, particularmente en casos mas complejos, especialmente al considerar
matices clinicos y factores individuales del paciente. Aunque prometedora, la adopcion de esta tecnologia puede complementar el juicio
clinico, pero aln requiere supervision y no reemplaza el papel de la evaluacion médica especializada en el escenario actual. Nivel de
Evidencia IV; Estudios Observacionales Descriptivos.

Descriptores: Inteligencia Artificial; Escoliosis;, Columna Vertebral; Fusion Vertebral; Curvaturas de la Columna Vertebral; Estudio Comparativo.

INTRODUCTION

Artificial Intelligence (Al) has attracted increasing attention in the
medical field, promising radical transformations in healthcare deli-
very. However, the successful implementation of Al in clinical practice
requires a rigorous evaluation of its effectiveness and reliability.

The term “machine learning” was coined by Arthur Samuel in
1959,2 defining a field of artificial intelligence (Al) in which computers
learn automatically from the accumulation of data. This technique
has been widely applied to analyzing large volumes of data, par-
ticularly for image processing.® Unlike traditional software, which
requires specific instructions to perform a task, deep learning allows
systems to recognize patterns autonomously and make predictions.*

According to Pesapane et al, the application of Al will transform
working methodologies in various professions, including medicine,
and in radiology this change will occur more rapidly than in other
medical specialties.®

ChatGPT is a very advanced natural language artificial intelli-
gence, to become a large language model (LLM), developed by
OpenAl. It is the most widely used today, and perhaps, in its current
version (ChatGPT-40), it is the most complete and accurate in this
proposal model.®

The model was learned from various texts, such as books, arti-
cles, websites, and other educational and scientific materials. Howe-
ver, it is important to mention that although the model can generate
informed answers based on the information it has learned, it does
not have access to individual, confidential, or up-to-date medical
data. Generative Als generate responses based on the probabilistic
relationships between the words and phrases in their training base.®”

ChatGPT does not have knowledge or awareness on its own but
uses learned patterns to produce relevant and coherent answers;
It should also be noted that the software has limitations in terms of
critical analysis of the information presented."® Therefore, medical
conduct is extremely individualized, depending on various factors
intrinsic to the patient and the experience acquired in the career
of each surgeon. We consider it unlikely that ChatGPT will provide
reliable information that allows one to postpone or even dispense
with a specialized medical evaluation.

With the advent of artificial intelligence and its growing appli-
cation in various fields, the impact of Al technology, particularly the
ChatGPT language model, on medical and surgical practice has be-
come a crucial topic of investigation. Specifically, the application of
this advanced technology in spinal surgery is the focus of this study.
In addition, He et al. noted that ChatGPT can improve intraopera-
tive support by providing real-time surgical navigation information

and monitoring of physiological parameters, as well as assisting in
postoperative rehabilitation guidance, optimizing the collection and
analysis of patient data, improving communication between spine
surgeons, patients and their families, and contributing to the surgical
planning process.®

The study explores the accuracy of classifying and suggesting
procedures for adolescent idiopathic scoliosis, evaluating the level of
agreement between the chatbot’s responses and the assessments of
spinal surgery specialists. Trying to help answer the following ques-
tion: Is it possible to rely on ChatGPT-4 (natural language artificial
intelligence) to recommend courses of action for typical everyday
cases, aiding less experienced orthopedists or even general prac-
titioners? The proposed analysis seeks to identify the potential and
limitations of using artificial intelligence in clinical practice, contributing
to the existing literature. This allows us to evaluate the applicability
of artificial intelligence in supporting diagnosis and clinical decision-
-making in the current scenario without prior training of the platform.

METHOD

The study uses a cross-sectional investigation using a quanti-
tative methodology to evaluate the agreement between ChatGPT-
-40 and spinal surgery specialists in five fictitious Adolescent Idio-
pathic Scoliosis (AIS) cases. The analysis focused on comparing
the treatment options suggested by professionals and by Artificial
Intelligence (Al), as well as the level of agreement of surgeons
with the explanations provided by Al. The Al analyzed the cases
presented and provided a Lenke classification and a suggested
course of action for each case. A panel of experts was asked to rate
each ChatGPT-4 answer using a 5-point Likert scale, ranging from
“strongly disagree” to “strongly agree”.

Data collection

Data was collected using an online questionnaire containing the
clinical cases to be analyzed and the ChatGPT4 responses regar-
ding pathology classifications and the suggested medical approach.
The answers were analyzed anonymously and published, with the
data grouped without identifying the participants. Furthermore, as
this is a study without clinical intervention and observational me-
thodology, based on the security of the information and without
identifying the patients, there will be no additional risk promoted by
this research. All the researchers involved in this work, individually
and collectively, undertook to use the data from this research only
for descriptive purposes, respecting the secrecy and confidentiality
of the data collected.
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Thirty-seven surgeons, including orthopedic spine surgery spe-
cialists, spine surgery fellows, neurosurgery residents, and neuro-
surgeons recruited from various healthcare institutions, took part in
the study. Each participant received five detailed clinical cases of
AIS, including information necessary for Lenke’s classification and
the therapeutic decision.

All participants signed and agreed to the ICF under CNS Resolu-
tion No. 466 of 2012. This study was submitted to the Brazil Platform
and evaluated by the Research Ethics Committee: 7.070.552 and the
CAAE: 81977424.5.0000.0082. Following the provisions of CNS Reso-
lution No. 510 of April 7, 2016, the project was exempted from ethical
analysis and did not require further evaluation by the committee.

After each case was presented, the surgeons were asked to
choose the best treatment option from the following alternatives: a)
TLSO vest; b) CTLSO vest; c) instrumentation surgery; d) expectant -
with serial follow-up; €) expectant - discharge.

The participants then read the ChatGPT response, which in-
cluded Lenke’s classification and the treatment proposal. Finally,
the surgeons assessed their level of agreement with the Al's res-
ponse on a Likert scale from 1 to 5, where 1 = strongly disagree;
2 = disagree; 3 = partly agree; 4 = agree; 5 = strongly agree.

Data Analysis

Analyses were carried out using Jamovi®'® and Excel statis-
tical software. Categorical variables are presented as frequency
and percentages (%) and continuous variables as mean and
standard deviation (M=SD). Values of p<0.05 are considered
statistically significant.

To analyze the data, we calculated the absolute and relative
frequencies of the surgeons’ treatment options in each case, com-
paring them with the option suggested by ChatGPT. The answers
“TLSO vest” and “CTLSO vest” were grouped as “vest treatment”,
as both represent similar orthotic treatment modalities.

Due to the nominal nature of the data and the number of evaluators,
we used Gwet's AC1 Coefficient to assess the agreement between the
surgeons and the Al. This coefficient is suitable for categorical data
with multiple raters and is less susceptible to the prevalence paradox
that can affect other coefficients, such as Fleiss’s Kappa. The AC1
Coefficient ranges from 0 to 1, where values close to 1 indicate high
agreement beyond chance, and values close to 0 indicate agreement
equivalent to chance. Its interpretation is similar to that of the Kappa
coefficient, with values between 0.81 and 1.00 indicating almost perfect
agreement and between 0.61 and 0.80 indicating substantial agreement.

To assess the consistency of the surgeons’ clinical decisions,
we calculated the proportion of agreement observed (P,) in each
case. This metric reflects the degree of clinical consensus, indica-
ting how often surgeons have chosen the same treatment option
for a specific case. A high P, indicated a more established clinical
consensus, while a lower P, indicated greater variability in treatment
preferences. This analysis made it possible to identify agreement
patterns between the experts and compare the variability according
to the complexity of each clinical case.

The surgeons evaluated the ChatGPT answers on a Likert scale
from 1 to 5 to indicate their level of agreement with the Al recom-
mendations. For each case, measures of central tendency (mean,
median, mode) and dispersion (standard deviation and interquartile
range) were calculated to make it easier to visualize agreement
patterns and identify potential biases in responses.

We investigated whether the surgeons’ experience influenced
the level of agreement with ChatGPT, calculating the Spearman
correlation between years of experience and the level of agreement
in each case. Spearman’s correlation, suitable for non-parametric
data, assesses the strength and direction of the association between
two ordinal or interval variables.

We identified cases in which surgeons chose the same treat-
ment option as the Al but disagreed and developed hypotheses
to explain these discrepancies. Finally, we used the Kruskal-Wallis
test to assess whether professional training (orthopedist, fellow, or
neurosurgeon) influenced the level of agreement.

RESULTS

General data analysis

Table 1 shows the years of experience of the 37 professionals
participating in the study. The group was made up of 9 professionals
(24.3%) with less than two years’ experience in spinal surgery, nine
professionals (24.3%) with between two and five years’ experience,
10 professionals (27%) with between five and ten years’ experience
and nine professionals (24.3%) with more than ten years’ experience.
The homogeneous distribution of participants showed no statistically
significant difference between the proportions of professionals in the
different experience groups (2 = 0.0811, p = 0.994), indicating that
the sample is representative and balanced.

Case 1

In Case 1, ChatGPT recommended “instrumentation surgery”
as the best treatment option. Of the 37 surgeons, 36 (97.3%) also
selected “instrumentation surgery”, while only one (2.7%) chose
“TLSO vest”. Gwet’'s AC1 Coefficient between the surgeons and
ChatGPT was 0.95, indicating almost perfect agreement. The pro-
portion of direct agreement was 97.3%, reflecting a very high level
of agreement between the surgeons and ChatGPT. (Figure 1)

The proportion of agreement between surgeons observed
(P_o) between surgeons in this case was 0.946, indicating high
agreement. This means that 94.6% of the possible combinations of
answers between the surgeons agreed. This high level of agreement
reflects a well-established clinical consensus on the appropriate
treatment for Case 1.

The average level of agreement on the Likert scale was 4.27
(standard deviation = 0.769150), with a median of 4.0 and a mode
of 5. The Interquartile Range (IQR) was 1.0 (Q1 = 4.0; Q3 = 5.0),
with variance: 0.59. No surgeon gave grades at levels 1 or 2, reinfor-
cing the general acceptance of the ChatGPT recommendation. The
bar graph (Figure 2) shows that most surgeons gave high marks for
agreement (4 and 5), reinforcing this trend.

There was a significant negative correlation between years of
experience and level of agreement (rho = -0.29; p = 0.040), su-
ggesting that surgeons with less experience tend to agree more
with ChatGPT.

CASE 2

In Case 2, ChatGPT recommended a “TLSO vest” as the best
treatment option. When “TLSO vest” and “CTLSO vest” were grou-
ped as “vest treatment”, 33 of the 36 surgeons (91.7%) agreed
with Al's recommendation. The other three surgeons (8.3%) chose

Table 1. Study participants (N=37).

Years of experience in spinal surgery n %
Less than 2 years 9 24.3%
Between 2 and 5 years 9 24.3%
Between 5 and 10 years 10 27.0%
More than 10 years 9 24.3%

I Instrumentation surgery

I TLSO Vest

I CTLSO Vest

I Expectant - with serial follow-up
I Expectant - discharge

Instrumentation

surgery;
36; 97.30%

Figure 1. Proportion of participants' responses to Case 1.
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Figure 2. Proportion of Likert scale responses for case 1.

different options, such as “instrumentation surgery” or “expectant
with serial follow-up”. Gwet's AC1 coefficient between the surgeons
and ChatGPT was 0.86, indicating almost perfect agreement. The
proportion of direct agreement was 91.7%. (Figure 3)

The proportion of agreement between surgeons observed (P_o)
between the surgeons in this case was 0.722, indicating substantial
agreement. This means that 72.2% of the combinations of answers
between the surgeons were in agreement.

The average level of agreement on the Likert scale was 2.94
(standard deviation = 1.433167), with a median of 3.5 and a
mode of 4.0. The Interquartile Range (IQR) was 2.25 (Q1 = 1.75;
Q8 = 4.0), with variance: 2.05, indicating that the most frequent
answer was “partially agree”, showing that surgeons’ opinions va-
ried, although there was a tendency to agree. (Figure 4)

There was no significant correlation between the surgeons’ years
of experience and the level of agreement with ChatGPT (p = -0.09;
p = 0.58).

Case 3

In Case 3, ChatGPT suggested a “TLSO vest” as a treatment.
Of the 36 surgeons who responded to this case, 32 (88.9%) chose
“‘instrumentation surgery”, while 4 (11.1%) opted for “treatment with a
vest” and none chose “expectant”. Gwet's AC1 coefficient between the
surgeons and ChatGPT was 0.03, indicating disagreement. (Figure 5)

The proportion of direct agreement between the surgeons was
88.9%, reflecting a high level of agreement in the choice of “instru-
mentation surgery”. The proportion of agreement observed (P_o)
between the surgeons in Case 3 was approximately 0.792, indicating

2;5.56%
1;2.78%

I Instrumentation surgery

B TLSO Vest

Il CTLSO Vest

I Expectant - with serial follow-up
I Expectant - discharge

11; 30.56%

22;61.11%

Figure 3. Proportion of participants' responses to Case 2.
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substantial to almost perfect agreement. This means that 79.2%
of the possible combinations of answers between the surgeons
agreed, reflecting the high level of agreement in choosing “instru-
mentation surgery” as the appropriate treatment.

The average level of agreement on the Likert scale was 1.89
(standard deviation = 0.863174), with a median of 2.0 and a mode
of 2. The Interquartile Range (IQR) was 1.0 (Q1 = 1.0; Q3 = 2.0),
with variance: 0.74, with the most frequent answers tending towards
disagreement. Most surgeons gave low scores (1 or 2), reflecting
general disagreement with the Al recommendation (Figure 16). There
was no significant correlation between years of experience and level
of agreement (p = -0.05; p = 0.71). (Figure 6)

Case 4

The surgeons’ choices were: “instrumentation surgery” by 10 sur-
geons (30.3%), “TLSO vest” by 1 surgeon (3.0%), “CTLSO vest” by 1
surgeon (3.0%), “expectant - serial follow-up” by 21 surgeons (63.6%)
and “expectant - discharge” by 4 surgeons (10.8%). Therefore, 10
surgeons (30.3%) agreed with the Al recommendation. (Figure 7)

The proportion of agreement observed (P_o) between the sur-
geons was 0.393, indicating moderate agreement. This means that
39.3% of the combinations of answers between the surgeons were
in agreement.

The average level of agreement on the Likert scale was 2.30
(standard deviation = 1.076643), with a median of 2.0 and a mode

CTLSO Vest; 1;
2.78%

TLSO Vest;
3;8.33%

I Instrumentation surgery

I TLSO Vest

I CTLSO Vest

I Expectant - with serial follow-up

Instrumentation M Expectant - discharge
surgery;

32; 88.89%

Figure 5. Proportion of participants' responses to Case 3.
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Figure 6. Proportion of Likert scale responses for case 3.

I Instrumentation surgery

I TLSO Vest

Il CTLSO Vest

I Expectant - with serial follow-up
I Expectant - discharge

Instrumentation
surgery;
10; 30.30%

Expectant - with
serial follow-up;
21; 63.64%
TLSO Vest;
1;3.03%

CTLSO Vest;
1;3.03%

Figure 4. Proportion of Likert scale responses for case 2.

Figure 7. Proportion of participants' responses to Case 4.
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of 2. The Interquartile Range (IQR) was 1.0 (Q1 = 2.0; Q3 = 3.0),
with variance: 1.159, reflecting greater variability and a tendency to
disagree with the Al. There was no significant correlation between
experience and agreement (p = -0.07; p = 0.63). (Figure 8)

Case 5

Considering “TLSO vest” and “CTLSO vest” as treatment with a
vest, 6 surgeons (18.8%) agreed with Al's suggestion. The majority
disagreed with Al: 15 participants opted for expectant treatment
- with serial follow-up, representing 46.9%, while 11 participants
(34.4%) opted for expectant treatment - discharge. Gwet’'s AC1
coefficient was 0.18, indicating slight agreement. (Figure 9)

The proportion of agreement observed (P_o) between the sur-
geons in Case 5 was approximately 0.721, indicating substantial
agreement. This means that 72.1% of the possible combinations of
answers between the surgeons were in agreement. Although there
was a majority who opted for “expectant”, the presence of varied
answers resulted in slightly lower agreement compared to Case 3.

The average level of agreement on the Likert scale was 1.81
(standard deviation = 1.221061), with a median of 1.0 and a mode
of 1. The Interquartile Range (IQR) was 1.0 (Q1 = 1.0; Q3 = 2.0),
with variance: 1.49, indicating low variability, but the tendency to
disagree with the Al was even more evident. (Figure 10)

Compiled Case Analysis

Table 2 shows the response pattern of the experts in the cases
presented and the degree of agreement between the experts and
the ChatGPT-4 response.

Table 3 and Figure 11 show the experts’ perception of whether
they agree with the answer given by ChatGPT-4 via a Likert Scale.

Table 2. The experts’ response pattern in the cases presented and the
percentage of agreement between the experts’ solutions and ChatGPT-4
(N=37).

Frequency of responses
[N
o N B O

oN B O o

15
9
7
5
. .
I
1 2 3 4

Level of agreement

N (%)
Case 1 Case 2 Case 3 Case 4 Case 5
22
0, 0, 0, 0,
TLSO vest 1(2.7%) (61.1%) 3(8.3%) | 1(3.0%) |6 (18.8%)
11
0, 0, 0, 0,
CTLSO vest 0 (0%) (30.6%) 1(2.8%) | 1(3.0%) 0 (0%)
36 o 32 10 o
Surgery | (97305 | 1 128%) | (8906 | (303%) | © (0%
21 15
- 0, 0, 0,
Exp - FU. 0 (0%) 2 (5.6%) 0 (0%) (63.6%) (46.9%)
11
- 0, 0, 0, 0,
Exp - D. 0 (0%) 0 (0%) 0 (0%) 0 (0%) (34.4%)
Total 37 36 36 33 32
(100%) (100%) (100%) (100%) (100%)
0,
% A%rv‘;imem 973% | 917% | 11.1% | 303% | 188%
ChatGPT-4 (Surgery) | (Orthosis) | (Orthosis) | (Surgery) | (Orthosis)

Table 3. Experts’ perception of agreement using the Likert scale (N=37).

Likert Scale
n IVC | CVC |Mean = SD |Fashion| Median | IC (95%)
Case 1 37 | 0.81 0.85 4.3+0.8 5 4 4.01-4.53
Case 2 | 36 | 060 | 069 | 29+14 4 35 2.46-3.43
Case 3 37 | 0.05 | 0.38 1.94+0.9 2 2 1.60-2.18
Case 4 37 | 0.16 | 0.46 23111 2 2 1.94-2.66
Case b 37 | 0.16 | 0.36 1.8%£1.2 1 1 1.40-2.22
p* <0.001
* One-way ANOVA test for heterogeneous samples.
5
gt
2 $
g . .
5 ¢ t

Casel Case 2 Case 3

® Mean (95% IC)

Case 4 Case 5

Figure 8. Proportion of Likert scale responses for case 4.

TLSO Vest;
6; 18.75%

I nstrumentation surgery

I TLSO Vest

I CTLSO Vest

I Expectant - with serial follow-up
M Expectant - discharge

Expectant - discharge

11; 34.38%

Expectant
with serial
follow-up
15; 46.88%

Figure 9. Proportion of participants' responses to Case 5.
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Figure 10. Proportion of Likert scale responses for case 5.
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Figure 11. Experts' perception of agreement with ChatGPT-4 using a Likert
scale. Test performed: One-way ANOVA (Fyeen=50,7, p<0,001). Games-
Howell post-hoc test shows statistical differences between Case 1 and all
the other cases (p<0.001) and Case 2 in relation to Cases 3 (p=0.003)
and 5 (p=0.005).

We observed a statistically significant difference between the ca-
ses using the One-way ANOVA test for heterogeneous samples
(Fweicn=50.7, p<0.001).

The Game-Howell post-test shows that the perception of agre-
ement for Case 1 is significantly higher than for all the other cases
(p<0.001) and Case 2 had a higher perception of agreement than
Cases 3 (p=0.003) and 5 (p=0.005). The Content Validity Index (CVI)
and Content Validity Coefficient (CVC) show that only Case 1 presen-
ted an acceptable value between the experts’ level of agreement with
ChatGPT-4. Acceptable agreement values are those greater than 0.8
and preferably greater than 0.9. Calculating Fleiss’s Kappa coefficient
considering all five cases, we obtained a value of 0.552, indicating
moderate agreement between the surgeons throughout the cases.

Influence of professional experience

No significant correlations were found between professional
experience and the level of agreement with ChatGPT in any of the
cases. Spearman'’s correlation coefficients ranged from -0.12 to
-0.03, with p-values above 0.05. This suggests that the surgeons’
experience did not have a significant impact on their agreement with
the Al recommendations.




The perception of agreement was checked using a Likert scale ac-
cording to the expert’s years of experience. We observed a statistically
significant difference only in the perception of experts in relation to
Case 1 (p=0.004). In Case 1, experts with less than 2 years’ experien-
ce had higher average values on the Likert scale compared to those
with between 5 and 10 years’ experience (p=0.041) and those with
more than 10 years’ experience(p=0.021). (Table 4 and Figure 12)

Table 4. Experts’ perception of agreement using the Likert scale by years
of experience (N=37).

Likert Scale

n | Case 1 Case 2 Case 3 Case 4 Case b
Lesje:‘ri”z 9 |4.89+0.33| 2.66+1.42 |1.78+0.67|2.78+0.97 | 1.78+1.56
Between 2 | o 1) 1140 .03| 3.89+0.93 [2.33+1.00|2.22+1.09 | 2.33+1.41
and b years
Between 5 |16 14 5040 63| 2.67+1.58 |1.5040.71| 2.30+1.16 |1 70+1.16
and 10 years
More than | g 13 8910 78| 2.67+1 50 |2.00+1.00| 1.89+1.05 | 1.44+0.53
10 years

p* 0.004 0.073 0.257 0.370 0.398

* One-way ANOVA test for heterogeneous samples

R

Likert scale

Under 2 years 2to5years 5to 10 years over 10 years

Specialist experience (years)

® Mean (+DP) - Case 1

Figure 12. Experts' perception of agreement with ChatGPT-4 in Case 1
using a 5-point Likert scale by years of experience of the expert. Test
performed: One-way ANOVA (F=6,39, p=0,004). Games-Howell post-
hoc test shows statistical differences between experts with less than two
years' experience and those with between five and ten years' experience
(p=0.041) and those with more than ten years' experience(p=0.021).

DISCUSSION

Although it has access to limited medical data, ChatGPT, incredi-
bly, achieved a performance equivalent to that of a third-year medical
student in medical licensing exams widely applied in the United Sta-
tes, which has stimulated urgent discussions in the medical field."

According to Stokel-Walker and van Noorden, ChatGPT could
answer some medical questions openly almost as well as an average
human doctor, although it still had shortcomings and inaccuracies.'

However, despite the vast possibilities, we also have to confront
the limitations and ethical challenges that arise with this techno-
logy. With particular emphasis on the potential for threats to data
security and privacy, the proper and supervised use of ChatGPT/
GPT-4 is of paramount importance, leading to the conclusion that
ChatGPT/GPT-4, when used carefully and responsibly, can be a
useful beacon for spine surgeons.® One should not ignore the
issues of inaccuracy of the data generated, misconduct and pla-
giarism, which demand attention.™

In telemedicine, information is generally limited to language,
making it potentially suitable for interventions using LLMs. However,
ChatGPT is unable to ask questions to seek further clarification on
questions or scenarios.

Based on the observations of Howard et. al. on questions po-
sed to ChatGPT about clinical situations involving conduct and the
decision-making process of antimicrobial choice, the chatbot was
able to recognize the importance of clinically relevant factors when
explicit information was provided, but missed relevant questions
in scenarios of increasing complexity. The spelling and grammar

in the answers were consistent, and the meaning was clear. This
study concludes that the biggest obstacles to implementing this
Al in clinical practice are deficiencies in situational awareness and
inference. These failures can put patient safety at risk. ChatGPT
seems to have access to sufficient training data, although it does not
have access to specific medical databases. Even without specific
training in clinical counseling, he provides convincing answers to
most requests. '

The results of this study provide important insights into the
interaction between artificial intelligence and clinical practice in
the context of EIA. Case 1, which was less complex, showed the
highest level of agreement between the experts and ChatGPT-4
(97%), while Cases 3 and 5 showed the lowest levels of agreement
(8% and 19% respectively).

ChatGPT has demonstrated its ability to interpret clinical data
and provide recommendations in line with established practices in
simple cases, as evidenced by the high level of agreement in Case
1, both among survey participants and in relation to Al. The high ave-
rage on the Likert scale (4.27) and the high agreement coefficients
(Gwet’'s AC1 Coefficient between the surgeons and ChatGPT was
0.95) suggest a well-established clinical consensus and confidence
in the Al recommendation for this case. The proportion of agreement
observed (P_o) of 0.946 between the surgeons in Case 1 indicates
a solid clinical consensus. Previous studies corroborate that Al can
be effective in supporting standardized clinical decisions.'>"”

In the more complex cases (Cases 3 to 5), agreement decrea-
sed significantly. This can be attributed to the variability in treatment
options in complex clinical situations and the need for refined clinical
judgment. Al, in its current form, may not be able to capture subjective
and individualized factors that influence decision-making, such as
patient preferences, socioeconomic context and accumulated clinical
experience."”'® For example, in Case 3, although the proportion of
agreement between surgeons was substantial (P_o = 0.708), indica-
ting a consensus between professionals, the surgeons’ high disagree-
ment with ChatGPT highlights the limitations of Al in complex contexts.

The general agreement between the surgeons indicates moderate
agreement over the five cases. This suggests that although there is
consensus in some cases, there is variability in clinical decisions, pos-
sibly influenced by the complexity of cases and individual preferences.
As in the example of case 5, where there was a variability of responses
in behaviors, with only 18.8% of participants agreeing with Al.

The absence of a significant correlation between surgeons’ ex-
perience and the level of agreement with ChatGPT indicates that
disagreement with Al is not related to the level of professional expe-
rience. Both less experienced and more experienced surgeons have
been shown to critically evaluate Al recommendations, especially in
complex cases that require refined clinical judgment.

Situations were identified in which surgeons chose the same
treatment option as ChatGPT, but gave low levels of agreement on
the Likert scale. This suggests that although the treatment option
was the same, the reasoning or specific details presented by the Al
were not fully accepted.

ChatGPT’s accuracy in Lenke’s classification demonstrates its
ability to interpret objective clinical information and apply complex
criteria consistently. This is particularly relevant, considering that
Lenke’s classification is fundamental in the surgical planning of
AlS.1920 Al's ability to process and apply standardized classifica-
tions can help standardize conduct and reduce variability in clinical
decisions,?' especially with the advancement of machine learning
technologies, considered a valuable tool for pre-surgical planning,
intraoperative guidance, neurophysiological monitoring and predic-
ting neurosurgical outcomes. 82!

The discrepancies identified between the choice of treatment
and the level of agreement suggest that agreeing on the choice of
treatment does not necessarily imply agreeing on the details or the
underlying reasoning. For example, the Al may recommend different
levels of arthrodesis from those that surgeons consider ideal, which
affects the overall evaluation of the recommendation. Furthermore,
differences in the interpretation of clinical data or the application of
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evidence can lead to disagreements, even when the treatment option
is the same. Furthermore, the Al may have presented inadequate
concepts or technical details that do not correspond to current clinical
practice. This highlights the importance of Al providing not only the
recommendation, but also a clear and reasoned explanation.?

Some surgeons prefer TLSO even for curves above T8 due to
better treatment compliance, while others opt for CTLSO in line
with traditional recommendations. Studies indicate that the TLSO
is effective in controlling the progression of adolescent idiopathic
scoliosis (AIS) and may be more comfortable, less restrictive and
less conspicuous in appearance, which may improve adherence to
wearing the brace.?®?4

Considering that the options “TLSO vest” and “CTLSO vest” are
similar, especially in the clinical context, we grouped these answers as
“treatment with vest”. This decision reflects clinical practice, where the
choice of vest type can vary according to the surgeon’s experience
and the patient’s preferences. The variability in vest treatment choices
may highlight the need to personalize Al recommendations.?°

The findings of this study suggest that ChatGPT can be a valu-
able auxiliary tool for clinical decision support in cases of AlS with
established consensus. However, in complex cases, the variability
in surgeons’ opinions highlights the importance of individual clinical
judgment. Al should be seen as a complementary tool that can
enrich the decision-making process, but it does not replace the
expertise and reasoning of the healthcare professional.

Future research should explore the integration of Al into the cli-
nical workflow, developing strategies so that tools such as ChatGPT
complement, rather than replace, medical reasoning, making them
capable of integrating more detailed clinical information, including
patient satisfaction and treatment effectiveness. In addition, it is
essential to work on improving Al models so that they can take
into account individual patient factors and offer more personalized
recommendations. Education and training of health professionals

in the use of these technologies are also essential to maximize their
benefits and minimize potential risks.?®

This study has some limitations. The use of fictitious cases may
not fully reflect the complexity and variability of real cases. The sam-
ple size, although adequate for exploratory analyses, may limit the
generalizability of the results.

In this research journey, we break new ground for the practice of
medicine and surgery, offering insights into how artificial intelligence,
particularly ChatGPT/GPT-4, can become an invaluable tool. This
work is an important milestone in understanding the impact of this
advanced technology on spinal surgery and shaping the future of
surgical practice.

CONCLUSION

This study showed that ChatGPT is capable of interpreting cli-
nical data and providing recommendations in line with established
practices in cases of AlS. High agreement in simple cases indicates
potential for use as clinical decision support.

However, the variability observed in complex cases and the
influence of professional experience highlight the importance of
clinical judgment and individualized treatment. Al should be seen as
a complementary tool that can enrich the decision-making process,
but does not replace the expertise and reasoning of the healthcare
professional. Especially in the current context, where there are still
many errors in interpreting concepts and prioritizing clinical data.

The effective integration of Al into clinical practice requires an
understanding of its limitations and potential, as well as continuous
efforts to improve its applications in the medical context.
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