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Accuracy and limitations of artificial intelligence chatbots
in answering patient questions on scoliosis surgery

Precision y limitaciones de los chatbots de IA para responder a las preguntas
de los pacientes sobre la cirugia de escoliosis
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Abstract

Objective: The aim of this study was to analyze the accuracy, reliability, and quality of the content of responses provided by
artificial intelligence (Al)-based chatbots to frequently asked questions related to scoliosis surgery. Methods: A set of 25 ques-
tions related to diagnosis, treatment options, surgical risks, and recovery was developed based on clinical experience. The
responses were anonymized and evaluated by two orthopedic surgeons using a 4-point scale to rate accuracy, clarity, and
consistency. Cohen’s kappa coefficient was used for interrater reliability, and the Kruskal-Wallis test was used for statistical
analysis. Results: ChatGPT 4o performed best, with 60% of responses rated as excellent. Gemini Advanced 1.5 Pro followed
with 56%, while Microsoft Copilot performed poorly, with 76% of responses requiring moderate clarification. The differences
between the chatbots were statistically significant (p < 0.001). ChatGPT 40 and Gemini did not differ significantly from each
other (p = 0.850), but both outperformed Copilot (p < 0.001). Conclusions: Al chatbots show great potential for patient educa-
tion in scoliosis surgery. ChatGPT 40 was the most effective, although complex queries still require medical supervision.
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outcomes.

Resumen

Objetivo: Analizar la precision, la fiabilidad y la calidad del contenido de las respuestas proporcionadas por los chatbots de inteli-
gencia artificial a preguntas frecuentes relacionadas con la cirugia de escoliosis. Métodos: Se elabord un conjunto de 25 preguntas
relacionadas con el diagndstico, las opciones de tratamiento, los riesgos quirtirgicos y la recuperacion, basadas en la experiencia
clinica. Las respuestas fueron anonimizadas y evaluadas por dos cirujanos ortopédicos utilizando una escala de 4 puntos para
calificar la precision, la claridad y la coherencia. Se utilizaron el coeficiente kappa de Cohen para la fiabilidad interevaluador y la
prueba de Kruskal-Wallis para el andlisis estadistico. Resultados: ChatGPT 4o obtuvo el mejor desempefio, con un 60% de res-
puestas calificadas como excelentes; Gemini Advanced 1.5 Pro le siguid con un 56%, mientras que Microsoft Copilot mostré un
rendimiento inferior, con un 76% de respuestas que requirieron aclaraciones moderadas. Las diferencias entre los chatbots fueron
estadisticamente significativas (p < 0.001). ChatGPT 4o y Gemini no difirieron significativamente entre si (p = 0.850), pero ambos
superaron a Copilot (p < 0.001). Conclusiones: Los chatbots de IA muestran un gran potencial para la educacion del paciente en
cirugia de escoliosis. ChatGPT 4o fue el mds eficaz, aunque las consultas complejas aun requieren supervision médica.

Palabras clave: Cirugia de escoliosis. Inteligencia artificial. Precision de los chatbots. Apoyo a la toma de decisiones clinicas.
Educacion del paciente. Resultados quirdrgicos.
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|ntroduction

Healthcare is undergoing a significant transforma-
tion with the rapid advancement of digital technolo-
gies. Artificial intelligence (Al) plays an important role,
with algorithms and tools supporting diagnostic pro-
cesses in different branches, offering remarkable
advantages in terms of accuracy and speed."® In par-
ticular, Al-based chatbots are increasingly being used
in the area of patient information and support from
health professionals.®”

The bots have been slowly leading the way in the
emergence of a primary source of health-related infor-
mation due to their accessibility and user-friendliness
for people searching for such data. However, the way
in which these technologies are useful with regard to
accuracy, reliability, and coverage of the information
they provide, compared to health professionals’ infor-
mation, is an open question.”* The content of chatbot
responses is of great importance in the quality of
answers given to a patient, especially in specialized
fields like orthopedics, particularly in the treatment
processes of complex cases such as scoliosis
surgery.

Scoliosis surgery is an area where detailed informa-
tion sharing between the patient and the physician is
necessary. Accurate and intelligible information about
diagnostic procedures, surgical and non-surgical
treatment options, possible complications, and recov-
ery processes can not only enhance patient satisfac-
tion but also potentially affect the treatment
outcome.”®'® Al-based chatbots may be a good tool for
fast access to such information. However, there are
limited studies on the compatibility of the information
provided by these bots with expert opinions and the
adequacy of their answers to complex questions.”#17.18
In this respect, the possible and not-so-possible fac-
ets of chatbots while providing information on scolio-
sis surgery should be well understood for the
development of future use cases. The objective of this
study is to analyze the accuracy, reliability, and con-
tent of the responses of three Al-based chatbots,
ChatGPT 40 (OpenAl), Gemini Advanced 1.5 Pro
(Google), and Microsoft Copilot (Microsoft), to com-
mon patient questions regarding scoliosis surgery.
Pro (Google) and Microsoft Copilot. Our hypothesis is
that these chatbots can provide high accuracy in gen-
eral information about scoliosis surgery but may show
significant deficiencies in detailed or specialized top-
ics. Accordingly, we aim to provide concrete data to

evaluate the role of chatbots in patient education and
clinical practice.

Methods

Study design

This is a cross-sectional comparative study that
evaluates the accuracy, reliability, and content of Al-
based chatbot responses to questions related to sco-
liosis surgery.

Setting and participants

ChatGPT 40 (OpenAl), Gemini Advanced 1.5 Pro
(Google), and Microsoft Copilot were selected for
analysis as Al-based chatbot models. The answers
from the above-mentioned chatbots were reviewed
and evaluated by two orthopedic spine surgeons inde-
pendently. Both surgeons have more than 5 years of
clinical experience in spine surgery.

Question development

Based on clinical experience and common ques-
tions patients ask about scoliosis surgery, a set of 25
questions was developed (Table 1). The questions
were designed to cover a wide range of topics, includ-
ing diagnostic criteria for scoliosis, available surgical
and non-surgical treatment options and associated
risk factors, possible complications, and recovery
expectations.

Data collection

Each of the 25 questions was posed to all three
chatbots (ChatGPT 40 [OpenAl], Gemini Advanced
1.5 Pro (Google) and Microsoft Copilot) by indepen-
dent evaluators under the same conditions to ensure
standardization. Responses generated by the chat-
bots were collected and anonymized to maintain plat-
form blindness prior to evaluation. To assess response
consistency, each question was asked twice at differ-
entintervals to assess whether the chatbot’s responses
remained constant over time.

Evaluation metrics

Responses were scored using a 4-point scale based
on a rating system adapted from Mika et al.® (Table 2),
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Table 1. Common patient questions regarding scoliosis surgery

Table 2. Chatbot response rating system

S. No. Question

1 What is scoliosis and how is it diagnosed?

2 What are the available surgical and non-surgical treatment
options for scoliosis?

3 What are the risks of scoliosis surgery?

4 Is scoliosis surgery safe?

5 Who is a suitable candidate for scoliosis surgery?

6 What is the best age for scoliosis surgery?

7 How long does it take to recover after scoliosis surgery?

8 Which techniques are used during scoliosis surgery?

9 When can | return to my daily activities after scoliosis surgery?

10 What is the success rate of scoliosis surgery?

11 What is the possibility of recurrence of scoliosis after surgery?
12 How long does scoliosis surgery take?

13 Is physiotherapy necessary after scoliosis surgery?

14 How long does the pain last after scoliosis surgery?

15 Can | do sports after scoliosis surgery?

16 How much does scoliosis surgery cost?

17 What is the lifespan of the implants used during scoliosis
surgery?

18 What are the complication rates after scoliosis surgery?

19 What happens if scoliosis is not treated?

20 Does my spine completely recover after scoliosis surgery?
21 What preparations should | make before scoliosis surgery?

22 Are there different surgical approaches for scoliosis surgery?
Which technique is better?

23 How long will | stay in hospital after scoliosis surgery?
24 How common is infection after scoliosis surgery?

25 How much spinal mobility is preserved after scoliosis surgery?

across four main measures: accuracy, clarity, com-
pleteness, and consistency. Accuracy referred to the
degree that the responses were factually accurate and
adhered to current medical guidelines. Clarity mea-
sured the simplicity and accessibility of the language
used, ensuring that it was understandable to patients.
Completeness depended on whether all critical
aspects of the question were addressed, and consis-
tency referred to the similarity of the responses over
multiple attempts. Scores range from 1 to 4, where 1

Response
accuracy score

Response accuracy description

1 Excellent response not requiring clarification

2 Satisfactory requiring minimal clarification

3 Satisfactory requiring moderate clarification

4 Unsatisfactory requiring substantial clarification

meant very good answers which did not require an
explanation, and 4 meant inadequate answers which
were wrong or incomplete.

Scoring criteria

Scoring of chatbot responses was from 1 to 4 on
the basis of the information quality and accuracy.
A score of 1 represented an excellent response-accu-
rate, complete, no explanation was necessary. A score
of 2 indicated a satisfactory response that was largely
accurate, but required a small amount of explanation
for full understanding. Responses scored a 3 either
because missing information or partially correct infor-
mation was present in the response; such responses
required moderate explanation. Finally, a score of 4
was awarded to responses that were unsatisfactory,
inaccurate, or incomplete, and indicated significant
gaps in the information provided. These criteria pro-
vided a standardized and comprehensive assessment
of chatbot performance.

Statistical analysis

For statistical analysis, categorical statistics were
used to summarize chatbot performance across the
grading criteria. The Kruskal-Wallis Test was used to
compare chatbot response scores, and significance
was set at p < 0.05. In addition, Bonferroni correction
was applied to further investigate the distribution of
response accuracy in different categories. Inter-rater
reliability between reviewers was measured using
Cohen’s Kappa.

Ethical considerations
Ethical standards were complied with by excluding

patient-identifiable data in all chatbot interactions. The
study focused only on the responses generated by the
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publicly available Al, and no human subjects were
directly involved in the research. This ensured an ethi-
cal evaluation of chatbot capabilities in addressing
scoliosis-related questions.

Results

The performance of three Al-based chatbots (Chat-
GPT 40, Gemini Advanced 1.5 Pro, and Microsoft
Copilot) was evaluated based on responses to 25
frequently asked questions about scoliosis surgery.
Detailed questions and full responses are provided in
supplementary material 1. Responses were graded
using a 4-point scale assessing accuracy, clarity,
completeness, and consistency (Table 3). ChatGPT
40 provided excellent answers (1 point) in 60% of
cases, while the remaining 40% were rated as satis-
factory answers (2 points) requiring minor clarification.
Gemini Advanced 1.5 Pro performed similarly, rating
56% of responses as excellent and 44% as satisfac-
tory. In contrast, Microsoft Copilot performed the
poorest, with 76% of responses requiring moderate
explanation (3 points) and only 20% rated satisfactory.
None of the Copilot responses were rated as excellent.

Statistical analysis revealed a significant difference
between the performances of the three chatbots
(p < 0.001). While pairwise comparisons showed no
significant difference between ChatGPT 40 and Gem-
ini Advanced 1.5 Pro (p = 0.850), both significantly
outperformed Microsoft Copilot (p < 0.001) (Table 4).
Inter-rater reliability assessed using Cohen’s kappa
showed high agreement between raters, with kappa
values of 0.833 for ChatGPT 4o, 0.759 for Gemini
Advanced 1.5 Pro, and 0.736 for Microsoft Copilot
(Fig. 1).

When analyzed against specific evaluation criteria,
ChatGPT 40 achieved the highest accuracy (60%),
followed by Gemini Advanced 1.5 Pro (56%), while
Microsoft Copilot scored 0% for accuracy, reflecting
its inability to provide fully accurate responses (Fig. 2).
While both ChatGPT 40 and Gemini Advanced 1.5 Pro
exhibited comparable clarity and consistency, Micro-
soft Copilot exhibited the lowest consistency, with
noticeable variability in responses to the same ques-
tions over time. In terms of completeness, ChatGPT
40 provided the most comprehensive answers, while
Microsoft Copilot frequently omitted critical information.

The evaluation of temporal consistency revealed
that ChatGPT 40 and Gemini Advanced 1.5 Pro pro-
vided consistent responses over repeated queries,

Table 3. Response accuracy scores (%) across ChatGPT 4o,
Gemini advanced 1.5 Pro, and Microsoft copilot

Response ChatGPT  Gemini Advanced Microsoft
accuracy score 40 (%) 1.5 Pro (%) copilot (%)
1 60 56 0
2 40 44 20
3 0 0 76
4 0 0 4

95%Cl

Gemini Advanced 1.5 pro
Chatbot

T 11

ChatGPT 40

Microsoft Copilot

Figure 1. Mean response accuracy scores with 95% confidence
Intervals for response accuracy scores of ChatGPT 4o, Gemini
Advanced 1.5 Pro, and Microsoft Copilot.

Response accuracy score

I |
Gemini Advanced 1.5 pro
Chatbot

20
) I
10

ChatGPT 40

Microsoft Copilot

Figure 2. Response accuracy scores across ChatGPT 4o, Gemini
Advanced 1.5 Pro, and Microsoft Copilot.

while Microsoft Copilot’s responses varied signifi-
cantly, raising concerns about its reliability. In all,
ChatGPT 40 was the most capable chatbot in providing
full and accurate information on scoliosis surgery, fol-
lowed by Gemini Advanced 1.5 Pro. Microsoft Copilot
showed very poor performance for complex and spe-
cific questions, thus limiting its clinical application.
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Table 4. Pairwise comparisons of chatbot performance

Comparison Test statistic Standard error Standard test statistic Sig.

ChatGPT 40-Gemini Advanced 1.5 pro -1.100 5.797 -0.190 0.850
ChatGPT 4o-Microsoft Copilot -34.900 5.797 -6.020 < 0.001
Gemini Advanced 1.5 pro-Microsoft Copilot -33.800 5.797 -5.830 < 0.001

Discussion

The findings from this study revealed a profound
variation in the performances of ChatGPT 40, Gemini
Advanced 1.5 Pro, and Microsoft Copilot. ChatGPT 40
showed consistency in providing scoliosis surgical
information and remained ahead of the pack on the
same question, especially on aspects of accuracy and
content. On some metrics, Gemini Advanced 1.5 Pro
did not differ much but came out a bit behind in con-
sistency. Microsoft Copilot had poor comprehensive-
ness in its answers or was not that accurate, therefore
limiting its applicability in the clinical and patient edu-
cation settings. To the best of our knowledge, this is
the first study in the literature regarding responses
from Al-based chatbots to questions about scoliosis
surgery from both a patient and physician perspective.
The superiority of ChatGPT 40 can be attributed to its
high-performance natural language processing and
larger training data that allow the chatbot to respond
accurately and in a well-structured manner with facts.
Moreover, the kappa score of 0.833 signifies great
rater agreement on reliability in giving consistent and
accurate information. Gemini Advanced 1.5 Pro
showed reasonable accuracy, with a kappa of 0.759,
but it tended to be less accurate more often and often
required further explanation, especially with more
complex topics of surgical technique and post-operative
recovery. Microsoft Copilot had the lowest kappa
value, 0.736, which represents limited reliability in
approaching complex clinical questions. These large
differences in chatbot performance underpin both the
potential and limitations of Al in healthcare. While
ChatGPT 40 and Gemini Advanced 1.5 Pro show
promise for supporting patient education and clinical
decision-making, they were not perfect in most cases.
For example, no single chatbot scored full marks in
all categories, thus indicating areas in which their use
can be further optimized. On the contrary, incomplete
responses from Microsoft Copilot give an indication
that this tool is not yet ready for clinical applications,

especially in situations where complex and specific
knowledge is needed. These results align with prior
literature emphasizing the role of Al-driven chatbots
in improving patient education and optimizing clinical
workflows.”™ However, the limitations seen, particu-
larly in handling very specialized queries, raise the
need to consider these tools in addition to expert
supervision when using them in clinical practice. For
example, although ChatGPT 40 could answer general
and moderately complex questions, nuanced or con-
text-specific questions were often less clear and less
detailed than might be expected from a clinical expert.
This points to how continuous development or
improvement in Al algorithms is indispensable for the
complexity of medical knowledge. These results have,
from a clinical perspective, implications for patient and
physician use: Patients can use these tools as sources
of reliable, accessible information, particularly for
common questions about scoliosis surgery, recovery,
and risks involved with it. As for the doctors, they
would also serve as additional complementary deci-
sion support tools while exercising caution against
such guidance in complex cases.

This study has several limitations. First, the evalu-
ation was limited to responses from three dedicated
chatbots, and the results may not be generalizable to
other Al systems. Second, although the raters were
blind to the source of the responses, the subjective
nature of the scoring may introduce bias. In addition,
the study focused on 25 predefined questions, which,
while comprehensive, may not cover the full range of
potential queries encountered in clinical practice. By
examining a wider range of questions in future
research, a larger pool of chatbots and their real-time
use in clinical settings can be evaluated to provide
more accurate insights into practical applications.

Conclusions

Al chatbots, particularly ChatGPT 40 and Gemini
Advanced 1.5 Pro, show significant potential in
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providing accurate and reliable information about
scoliosis surgery. However, their limitations highlight
the need for human oversight and additional refine-
ment to improve their use in clinical settings. As
these technologies advance, it is crucial to integrate
Al tools into healthcare workflows carefully, ensuring
they support rather than substitute expert clinical
judgment.
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