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domains [2], rehabilitation, and orthopaedic surgery remain-
ing underrepresented. A breakthrough in AI has been the 
introduction of Large Language Models (LLMs) such as 
ChatGPT, Gemini, or Deepseek, tools with high potential 
that remain largely unexplored [3, 4]. One area where LLMs 
can provide a significant contribution to clinical medicine is 
patient education [3]. Specifically, LLMs have shown great 
potential in answering clinical questions that patients may 
have, and when properly optimized, they appear to be valu-
able clinical support. Some studies have analyzed LLMs in 

Introduction

The integration of Artificial Intelligence (AI) in medicine 
has been discussed for some decades, but only in the last 
five years there has been a surge in clinical studies and 
investments in the field [1]. A recent overview of reviews 
has highlighted how AI has been proposed for all phases 
of clinical medicine, from diagnosis to follow-up, includ-
ing clinical decision-making and prognosis estimation [2]. 
Oncology and radiology are the most represented medical 
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various areas of clinical medicine, such as orthopedic and 
spinal surgery [5–7], hepatology [8], radiology [9], and 
dental medicine [10], mostly with positive outcomes [8]. 
For the rehabilitative treatment of idiopathic scoliosis (IS) 
the application of AI appears to be an extremely promising 
technology. This treatment requires high patient adherence, 
which is largely influenced by a thorough understanding of 
the condition and effective patient education [11]. Most IS 
patients are adolescents, a demographic more exposed to 
digital technologies and AI, who can quickly adapt to new 
technological tools [12]. A recent study conducted by sur-
geons on different LLMs found that ChatGPT-4.0 appears 
to be the most reliable among the three tested LLMs (Chat-
GPT-4.0, ChatGPT-3.5, and Bard) in providing information 
about adolescent IS, particularly in the surgical field [13]. 
However, ChatGPT has not yet been tested in providing 
information on rehabilitative treatment. To our knowledge, 
this is the first study to assess the scientific accuracy and 
communicative effectiveness of a LLM in answering fre-
quently asked questions about the conservative treatment 
of scoliosis. Therefore, we aimed to assess whether Chat-
GPT-4.0 - the most accurate and professional-sounding 
tool, in the context of surgical management [13] - provides 
evidence-based, appropriate, and comprehensive answers to 
common questions about scoliosis conservative treatment. 
We hypothesize that the majority of ChatGPT’s responses 
would meet established thresholds for content validity and 
be rated positively across multiple quality dimensions. It is 
also expected that lower-scoring responses would be asso-
ciated with specific issues such as factual inaccuracies or 
insufficient detail.

Materials and methods

Study design

This study was conducted between November and Decem-
ber 2024 and followed a structured two-phase design. The 
first phase involved the identification and formulation of 14 
frequently asked questions (FAQs) related to the conserva-
tive treatment of IS. The second phase involved the evalu-
ation of ChatGPT-4.0’s responses to these questions by a 
panel of experts using an online survey. Ethical approval 
was not required for this study, as confirmed by internal 
institutional guidance, since no patient data were collected, 
and all participants were professionals voluntarily assess-
ing AI-generated content. The reporting guidelines for the 
early-stage clinical evaluation of decision support systems 
driven by AI (DECIDE-AI) were followed [14]. The study 
was conducted entirely in English.

Identification of frequently asked questions (FAQs)

The members of the research team with clinical experience 
with scoliosis patients (FN, FZ, IF, SN– 21.5 ± 10.4 years of 
clinical experience) developed a list of 14 FAQs concern-
ing the conservative management of IS. These questions 
were selected using multi-step approach: (1) identification 
of relevant FAQs on rehabilitation for IS by conducting a 
search through the first 20 pages of Google results using 
the query: (‘frequently asked questions’ OR ‘FAQ’) AND 
(‘idiopathic scoliosis’ OR ‘scoliosis’) AND (‘conservative 
treatment’ OR ‘non-surgical treatment’ OR ‘brace therapy’ 
OR ‘physiotherapy’), (2) a list of potential FAQs generated 
by ChatGPT-4.0 when prompted to produce common ques-
tions about scoliosis treatment, (3) a synthesis of the infor-
mation gathered on point 1 and 2 by ChatGPT-4.0, and (4) a 
selection of the most relevant questions found in the report 
generated at step 3 by the clinical team. The experts selected 
14 questions able to cover all the main areas typically 
addressed by patient FAQs (diagnosis, prognosis, treatment, 
and lifestyle). After initial generation, the list was reviewed 
and refined collaboratively by the investigators to ensure 
clarity, clinical relevance, and diversity of topics across 
diagnosis, treatment, lifestyle, and prognosis (Table 1).

ChatGPT-4.0

Each of the 14 FAQs was submitted individually to Chat-
GPT-4.0 via the official online platform on the same day 
(December 6, 2024). The responses were generated using a 
standardized prompt to simulate a patient perspective and to 
ensure uniform response length and tone: “I’m a scoliosis 
patient. Limit your answer to 150 words.” The complete set 

Table 1 The 14 faqs on non-surgical (conservative) management of 
scoliosis
FAQs on scoliosis management
Q1 What is scoliosis?
Q2 What causes scoliosis?
Q3 Can scoliosis get worse over time?
Q4 Can scoliosis lead to disability?
Q5 Can scoliosis be cured?
Q6 Do osteopathy, chiropractic, and manual therapy 

cure scoliosis?
Q7 Should I use insoles or a heel lift to correct scoliosis?
Q8 Does wearing dental braces affect scoliosis?
Q9 Could my child’s heavy school backpack make their 

scoliosis worse?
Q10 Can exercises or physical therapy cure scoliosis?
Q11 How effective is bracing in stopping or correcting 

scoliosis progression?
Q12 How many hours per day do I need to wear the 

brace, and for how many years?
Q13 When is surgery needed for scoliosis?
Q14 What is the best sport for scoliosis?
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of responses was compiled into a Word document and for-
matted for survey distribution. No additional edits or modifi-
cations were made to the LLM responses before evaluation.

Expert panel

A total of 37 professionals affiliated with a tertiary clinic 
specialised in spinal deformity were recruited for the evalua-
tion phase. The panel consisted of a multidisciplinary group 
with expertise in physical therapy, rehabilitation, ortho-
paedic surgery, psychology and clinical research related to 
scoliosis. All participants had experience in scoliosis man-
agement and were familiar with evaluating clinical informa-
tion and patient education materials.

Online survey and evaluation procedure

The expert panel received a link to an online Google Forms 
survey that included the full set of ChatGPT-generated 
responses. Each answer was evaluated independently and 
anonymously using a 6-point Likert scale to assess perceived 
appropriateness of the response. The scale ranged from 1 
(“Strongly disagree”) to 6 (“Strongly agree”), and scores of 
4 to 6 were classified as “appropriate,” while scores from 
1 to 3 were classified as “non-appropriate.” Experts were 
also asked to indicate the reason for any disagreement with 
the response using predefined categories: (1) off-topic/not 
pertinent; (2) clear mistakes in the answer; (3) Too much 
information/not all necessary; (4) too little information/
not enough for an exhaustive answer; (5) Language issues/
not suitable for patients; (6) Other reasons (with space for 
comments). Additionally, experts were asked to assess each 
response across four secondary dimensions: (1) compre-
hensiveness; (2) clarity, (3) professionalism; (4) Length; all 
rated on the same 6-point Likert scale. In the final section of 

the survey, experts were asked general questions about their 
perceptions of ChatGPT-4.0’s usefulness in patient educa-
tion, potential risks, and whether the responses met their 
expectations regarding conservative scoliosis treatment.

Statistical analysis

Ordinal and non-normally distributed data are reported as 
median and interquartile range (IQR), normally distributed 
continuous data are reported as mean ± standard deviation 
(SD), and categorical variables are reported as percentages. 
For the inter-rater reliability, the Fleiss’ kappa was calcu-
lated and interpreted as none (0–0.19), minimal (0.20–0.39), 
weak (0.40–0.59), moderate (0.60–0.79), strong (0.80–
0.90), and almost perfect (> 0.91) [15]. The ChatGPT-4.0’s 
content validity was assessed using the Content Validity 
Ratio (CVR). The CVR is used to quantify the degree of 
agreement among experts on the appropriateness of the 
answers by ChatGPT-4.0 and it is calculated as:

CV R =
(
ne −

(
N
2

))
(

N
2

)

where ne is the number of experts indicating an item 
“appropriate,” and N is the total number of experts. There-
fore, considering the sample size of experts (n = 29) and 
the recognized Lawshe’s CVR critical values [16], a CVR 
minimum value of 0.38 was expected for each answer to 
be considered valid (corresponding to a 69% agreement). 
Specifically, CVR was calculated by converting the 6-point 
Likert scale into a binary decision as follows: scores from 1 
to 3 were classified as “non-appropriate” and scores from 4 
to 6 as “appropriate”. The Content Validity Index (CVI) was 
calculated as the average of the CVRs for the 10 answers. 
Further, a Chi-square test was used to assess the differences 
in the reasons for inappropriate responses among the 14 
answers provided by ChatGPT-4.0. Statistical analyses were 
performed using GraphPad Prism version 9.5.1 for Win-
dows (GraphPad Software, San Diego, CA, USA) and the 
open-source Pingouin and Statsmodels packages in Python 
3.9. The level of significance was set at p < 0.05.

Results

Expert group and inter-rater reliability

The experts’ answer rate was 78% (29/37) (Table 2). The 
Fleiss’ Kappa value for inter-rater reliability was 0.10, indi-
cating slight agreement among experts.

Table 2 Characteristics of the expert research team
Variable Descriptive statistics Value
Female sex (n, %) n = 16, 

55.2%
Age(years) Mean ± SD 41.2 ± 10.8

Range (min– max) 24.0–65.0
95% CI (lower– upper) 37.0–44.9

Years of 
experience(years)

Mean ± SD 11.9 ± 9.6
Range (min– max) 3.0–40.0
95% CI (lower– upper) 8.4–15.4

Main 
profession(s)(n, %)*

Researcher/scientist
Physiotherapist

2, 6.9%
19, 65.5%

Professor (academia) 2, 6.9%
Massage therapist 2, 6.9%
Medical doctor/physician 7, 24.1%

Values are presented as means ± standard deviations, range (min-
imum-maximum), and 95% confidence interval. *: more than one 
option was possible
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ChatGPT 4.0 content validity

The CVR met the threshold (≥ 0.38) in 78.5% (11/14) of 
responses provided by ChatGPT-4.0. Specifically, answers 
to “What is scoliosis?“, Can exercises or physical therapy 
cure scoliosis?“, and “What is the best sport for scolio-
sis?” had the lowest CVR scores of 0.37, 0.37, and − 0.58, 
respectively (Fig. 1). For these three responses, the most 
common reasons for inappropriate answers were “clear 
mistakes in the answer” (37.1%) and “too few information, 
not enough for an exhaustive answer” (27.1%). Conversely, 
answers regarding the causes of scoliosis, worsening of 
scoliosis over time, and future disability achieved full con-
sensus, with 100% agreement and a CVR of 1.0. Overall, 
the answers provided by ChatGPT-4.0 on scoliosis manage-
ment were rated as valid by the experts with a CVI of 0.68. 
Table 3 shows the CVRs for the 14 questions.

Table 3 Content validity ratios (CVR) and content validity indexes 
(CVI) for each question (Q1 - Q14) on scoliosis management for chat 
GPT-4.0
ChatGPT-4.0 Raters’ scores Scores of 4–6 CVR CVI
Q1 4.0 (2.0) 20 (68%) 0.37 0.69
Q2 6.0 (1.0) 29 (100%) 1.0
Q3 6.0 (1.0) 29 (100%) 1.0
Q4 6.0 (1.0) 29 (100%) 1.0
Q5 5.0 (2.0) 25 (86.2%) 0.72
Q6 6.0 (1.0) 26 (89.7%) 0.79
Q7 6.0 (2.0) 24 (82.8%) 0.65
Q8 6.0 (1.0) 27 (93.1%) 0.86
Q9 6.0 (0.0) 28 (96.6%) 0.93
Q10 5.0 (2.0) 20 (68%) 0.37
Q11 6.0 (1.0) 27 (93.1%) 0.86
Q12 6.0 (1.0) 26 (89.7%) 0.79
Q13 6.0 (1.0) 28 (96.6%) 0.93
Q14 2.0 (2.0) 6 (20.7%) −0.58
Data on raters’ scores are reported as median (IQR). In brackets is the 
percentage of agreement. In bold: CVR or CVI ≥ 0.38

Fig. 1 Expert evaluation of the three questions with the lowest Con-
tent Validity Ratio (CVR). Interestingly, these items also showed the 
lowest inter-rater agreement, reflecting a higher level of disagreement 
among experts regarding the appropriateness of ChatGPT’s responses. 

Panel A: Q1– What is scoliosis? Panel B: Q10– Can exercises or physi-
cal therapy cure scoliosis? Panel C: Q14– What is the best sport for 
scoliosis?
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5, though variability differed across these aspects. Notably, 
professionalism and clarity exhibited higher IQR (IQR = 2), 
indicating more varied opinions regarding tone and detail, 
whereas comprehensiveness had an IQR of 1, reflecting 
consistent agreement on content coverage (Fig. 2).

Advantages, risks, and expectations

In terms of expectations, experts assigned a median score 
of 5, with an IQR of 1. This suggests that most experts felt 
that ChatGPT performed in line with or exceeded their 
expectations. A similarly positive pattern emerged for atti-
tudes toward AI/LLM integration in rehabilitation practice. 
Experts reported a median attitude score of 5, with an IQR 
of 1, indicating a strong general openness to the adoption of 
large language models within the field (Fig. 2, left panel). 
Perceptions of risk versus advantage presented a more 
nuanced picture. When asked whether the integration of 
LLMs in rehabilitation represented an advantage or a haz-
ard, 17 experts (58.6%) viewed it as a moderate advantage, 
while 3 experts (10.3%) considered it a huge advantage. 
However, 5 experts (17.2%) expressed concerns, rating it as 
a moderate risk, and 1 expert (3.4%) classified it as a huge 
risk. Three experts (10.3%) opted for a neutral position, sug-
gesting ambivalence or a balanced view of both opportuni-
ties and risks (Fig. 3, right panel).

Reasons for the inappropriateness of ChatGPT-4.0 
answers

About scoliosis treatment, 33.2% reported a lack of suffi-
cient detail, categorized as “too few information, not enough 
for an exhaustive answer”. “Clear mistakes in the answer” 
were reported in 22.5% of cases, whereas other critiques 
were “too much information, not all necessary” (2.7%) and 
“language issues, not suitable for patients” (2.1%). 38.5% 
fell into the “other reasons” category, including diverse and 
context-specific critiques such as: “off topic, the answer is 
not pertinent to the question”, “forgot to mention exercises 
against progression”, and “does not mention specialized 
healthcare provider”. Results showed a statistically signifi-
cant difference in the distribution of inappropriate reasons 
across questions (χ² = 112.49, p = 0.0002), suggesting that 
certain queries were particularly prone to issues like factual 
inaccuracy. In detail, “What is the best sport for scoliosis?” 
attracted the highest volume of critical feedback, with a par-
ticularly high number of factual errors cited (19, 65.5%). 
This indicates a significant concern regarding the accuracy 
and appropriateness of that specific answer.

Comprehensiveness, clarity, professionalism, and 
length

Expert evaluations indicated overall positive perceptions 
of the ChatGPT-generated responses. The “ease of under-
standing” dimension achieved the highest ratings, with 
a median score of 6 and an IQR of 1, suggesting uniform 
clarity and readability. Comprehensiveness, professional-
ism, and clarity (Length) each received a median score of 

Fig. 2 Median expert ratings and interquartile ranges (IQR) for 
responses generated by ChatGPT 4.0 across four evaluation dimen-
sions: Comprehensiveness, Ease of Understanding, Professionalism, 

and Clarity (Length). Each bar represents the median score assigned 
by a panel of 29 expert raters on a 6-point Likert scale (1 = Strongly 
Disagree, 6 = Strongly Agree). Error bars indicate IQRs
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communication within the context of scoliosis care. Com-
prehensiveness, professionalism, and appropriateness 
of length also received favorable ratings, although with 
more variability, particularly in terms of tone and level of 
detail. Eleven out of 14 responses met the minimum con-
tent validity ratio (CVR ≥ 0.38), suggesting that ChatGPT-
4.0’s content was judged as appropriate and valid by most 
expert reviewers. Experts rated highly for clarity and ease of 

Discussion

This study aimed to evaluate the accuracy, clarity, and per-
ceived usefulness of ChatGPT-4.0 in responding to FAQs 
concerning the rehabilitative treatment of idiopathic sco-
liosis. The findings demonstrate a generally positive per-
ception among experts regarding ChatGPT-4.0’s answers 
and as a supportive tool in patient education and clinical 

Fig. 3 Expert evaluation of ChatGPT 4.0 in the context of rehabili-
tation. Panel A shows the median scores (with interquartile ranges, 
IQR) assigned by the experts for two dimensions: Expectations (i.e., 
whether ChatGPT-4.0 met expert expectations) and Attitude (i.e., the 

general openness to integrating AI/LLMs in rehabilitation). Panel B 
displays a pie chart summarizing expert perceptions of the potential 
risk or advantage associated with using ChatGPT 4.0 in rehabilitation
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highly prevalent and controversial topic, often surrounded 
by misinformation and inconsistent narratives in online 
sources.

Our study has several limitations. First, while the expert 
panel was multidisciplinary and experienced, it was com-
posed exclusively of professionals affiliated with a single 
institution, which may limit generalizability. Future studies 
could address this limitation. Second, ChatGPT responses 
were assessed at a single time point, and only one version 
of each answer was rated, despite the model’s known vari-
ability in output. Therefore, possible fluctuations may have 
been missed. Third, the survey did not assess the long-term 
impact of using AI-generated information on patients’ per-
ception, understanding, trust or clinical outcomes, which 
are crucial metrics for eventual implementation. Lastly, 
while Likert-based ratings are informative, they do not fully 
capture the nuanced judgments experts may hold, despite 
the inclusion of categorical reasoning and comment fields. 
Future qualitative studies with focus groups could address 
this limitation. The study also presents notable strengths. 
The multi-phase design enabled the systematic and trans-
parent generation of FAQs, ensuring both clinical and 
AI-informed relevance. The use of validated frameworks, 
such as CVR and CVI, offers a rigorous measure of content 
validity, which has been seldom applied in the AI-for-health 
literature to date. Moreover, the addition of risk/benefit per-
ception analysis further enriches the understanding of the 
potential role and reception of AI tools in clinical rehabilita-
tion settings.

Our results highlight two specific needs: (1) the impor-
tance of establishing greater consensus among experts on 
clinically significant questions that currently lack clear 
answers in the literature; (2) the necessity of training LLMs 
using input and supervision from leading international 
experts in improving the quality of contents.

Looking ahead, future studies should prioritize cross-
institutional and multicultural designs to better understand 
potential differences in expert judgment and educational 
needs across diverse healthcare contexts. Moreover, involv-
ing patients directly in the evaluation process, particularly 
in assessing the comprehensibility, emotional resonance, 
and perceived usefulness of AI-generated responses, will be 
essential to ensure real-world relevance and safety. While 
quantitative methods such as CVR and CVI offer impor-
tant objectivity, they should be supplemented by qualitative 
analyses (e.g., thematic content analysis or discourse analy-
sis) to capture more nuanced aspects of communication and 
interpretation. Lastly, future model development efforts 
should consider the active participation of domain-specific 
experts in fine-tuning and adapting LLMs within specialized 
clinical contexts, including rehabilitation services and spine 
care units. This human-in-the-loop approach may represent 

understanding, reflecting a strong consensus on ChatGPT-
4.0’s ability to communicate complex medical information 
in a clear and accessible language. General perceptions of 
the model’s usefulness in patient education were positive, 
with most experts viewing its integration in rehabilitation as 
a moderate to high advantage. Some caution was expressed 
regarding the potential risks and limitations of such tools.

Despite all raters coming from the same institution, with 
numerous opportunities for discussion and alignment on the 
clinical topics considered, the Fleiss’ Kappa value indicated 
only slight agreement. Interestingly, the questions with the 
lowest CVR scores (Q1, Q10, and Q14) were those that 
showed the lowest inter-rater agreement. This finding high-
lights the challenge of reaching consensus among experts 
on certain questions, for which scientific literature has yet 
to provide clear or definitive answers.

Lang et al. conducted a comparative evaluation of three 
LLMs in the context of surgical management of adolescent 
IS, identifying ChatGPT-4.0 as the most reliable tool [13]. 
Building upon their findings, we explored a complementary 
area—conservative treatment—and applied a more struc-
tured and quantitative evaluation framework based on CVR 
and CVI metrics. While both studies emphasize the clar-
ity and communicative effectiveness of ChatGPT-4.0, our 
results reveal how its scientific accuracy varies consider-
ably depending on topic complexity and clinical consensus. 
Çıracıoğlu and Erdoğan (2025) [17] found good perfor-
mance for general questions about scoliosis but reported lim-
itations in treatment-specific responses and a high required 
reading level. Our study focused specifically on conserva-
tive management, involved a larger and more specialized 
experts panel, and applied structured content validity met-
rics (CVR, CVI). Despite the raters’ shared background, we 
observed relatively low inter-rater agreement especially for 
clinically ambiguous questions, underlining the complex-
ity of interpreting AI-generated health information in real-
world scenarios. This result was likely because we involved 
a significantly higher number of experts than Çıracıoğlu and 
Erdoğan, who involved only two raters. We suspect that fur-
ther increasing the number of evaluators - including pro-
fessionals from other centers and countries - could lead to 
even lower agreement levels, reflecting broader variability 
in clinical interpretation and cultural perspectives on patient 
education.

A comparison with the recent study by Scaff et al. [6], 
which assessed LLM-chatbots’ responses to common 
questions about low back pain, highlights interesting dif-
ferences. While both studies explored the performance of 
ChatGPT-4.0 in musculoskeletal patient education, Scaff et 
al. reported a lower overall accuracy (56%) and high rates of 
misinformation. This discrepancy may be partly explained 
by the nature of the condition itself: Low back pain is a 
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a key strategy for improving both the accuracy and trust-
worthiness of AI outputs in patient-facing applications.

Conclusions

This study suggests that the information provided by LLMs 
is generally accurate and understandable enough to serve 
as a preliminary source of information for patients regard-
ing scoliosis. However, for more detailed and personalized 
analyses — especially for application in everyday clinical 
practice, where a high level of precision is required and even 
a single error can lead to serious health consequences — the 
involvement of expert clinicians remains essential. Future 
research should explore patients’ perspectives, focusing on 
their understanding, emotional response, and trust when 
accessing AI-generated information about scoliosis.
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