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In the digital age, patients increasingly rely on 
online sources for health information, particularly 
when considering procedures such as common 
orthopedic surgeries.[1] While digital tools improve 
access to medical knowledge, they also introduce 
variability in accuracy, readability, and currency, 
potentially leading to misinformation or incomplete 
patient education.[2,3]

Objectives: This study aims to directly compare ChatGPT and DeepSeek, 
both equipped with DeepResearch/DeepThink capabilities, based on their 
responses to frequently asked questions (FAQs) on total knee arthroplasty 
(TKA).
Materials and methods: Thirty frequently asked questions related to 
TKA were compiled from validated patient education sources, including 
American Academy of Orthopaedic Surgeons (AAOS) OrthoInfo, 
National Institute for Health and Care Excellence (NICE) guidelines, and 
popular patient discussion forums, and verified for clinical relevance by 
two independent arthroplasty surgeons. Two orthopedic surgeons, blinded 
to model identity, evaluated each response using a five-point Likert scale 
across five domains: accuracy, comprehensiveness, readability, relevance, 
and ethical and safety considerations. The maximum total score per 
response was 25. Readability was also assessed using the Flesch-Kincaid 
Grade Level (FKGL) and Flesch Reading Ease Score (FRES). Inter-rater 
and intra-rater reliability were calculated using intraclass correlation 
coefficients (ICCs).
Results: The ChatGPT-4o scored significantly higher in comprehensiveness 
and clinical detail, whereas DeepSeek R1 produced responses with 
superior readability, indicated by a lower FKGL (7.5 vs. 10.2) and higher 
FRES (62.3 vs. 45.6) (p < 0.05). Both models demonstrated high accuracy 
and safety, with no factual errors identified. Intra-rater reliability was 
excellent (ICC > 0.81), and inter-rater agreement ranged from fair to 
substantial (ICC 0.31 to 0.63).
Conclusion: Both ChatGPT-4o and DeepSeek R1 are capable of 
generating accurate, ethically sound, and clinically relevant educational 
content for patients undergoing TKA. While ChatGPT-4o offers more 
comprehensive information, DeepSeek R1 provides content that is more 
accessible to patients with lower health literacy. Model selection should be 
tailored to the target population to optimize educational effectiveness in 
clinical practice. The ability of real-time data retrieval to incorporate the 
most current clinical evidence and guideline updates may further enhance 
the educational quality, reliability, and clinical relevance of AI-generated 
patient information.
Keywords: Agentic artificial intelligence, large language model, readability, retrieval 
augmented generation, tool augmentation, total knee arthroplasty.
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Total knee arthroplasty (TKA) is a common 
orthopedic procedure for advanced knee 
osteoarthritis, significantly improving patients' 
quality of life.[4] However, successful outcomes 
depend not only on surgical expertise, but also 
on effective preoperative education, realistic 
postoperative expectations, and patient adherence 
to rehabilitation.[5] Large language models (LLMs) 
such as ChatGPT have emerged as promising 
tools for delivering reliable and accessible medical 
information while aiding in research and writing 
processes.[5-13] Trained on vast medical datasets, 
these models can distill complex clinical knowledge 
into digestible content for individuals with varying 
health literacy levels.[8,14] In addition to structured 
medical datasets, LLMs also integrate information 
from unstructured public online sources such as 
patient education materials and healthcare websites, 
further broadening their informational scope.

Nevertheless, earlier iterations faced criticism for 
generating incomplete, outdated, or even fabricated 
responses.[10] As a result, artificial intelligence 
(AI)-generated patient education materials, 
particularly in surgical fields, require rigorous 
evaluation for accuracy, readability, ethical safety, 
and overall integrity.[3,15]

Recent advancements, such as deep research and 
deep think features, have enhanced the credibility of 
AI models by enabling real-time data retrieval and 
reducing hallucinations. Evaluations of ChatGPT’s 
deep research mode demonstrate its potential to 
synthesize valid, clinically relevant literature, 
signaling a transformative shift in AI-assisted 
healthcare communication.[15]

DeepSeek, a multimodal LLM launched 
in 2025, further advances this field.[13] Its 
retrieval-augmented generation framework-shared 
with ChatGPT’s deep research mode-integrates 
current guidelines and literature, mitigating past 
shortcomings in accuracy and consistency and 
potentially limiting hallucinations. However, 
differences in training data and architecture may 
lead to divergent outputs.[13]

Total knee arthroplasty was selected as the 
focus of this study, as it represents one of the most 
common and complex orthopedic procedures which 
requires extensive preoperative education and 
postoperative rehabilitation guidance. Comparing 
ChatGPT-4o with DeepResearch and DeepSeek R1 
with DeepThink provides insight into how real-time 
retrieval-augmented models perform in patient 
education for high-demand surgical domains.

In the present study, we aimed to directly 
compare ChatGPT and DeepSeek, both equipped 
with DeepResearch/DeepThink capabilities, based 
on their responses to frequently asked questions 
(FAQs) on TKA. By assessing critical metrics such as 
accuracy, clarity, completeness, and consistency, we 
aimed to evaluate the performance of these models 
in delivering evidence-based health information. 
Additionally, the readability of their responses 
would be measured using validated indices. We 
hypothesized that both ChatGPT and DeepSeek 
chatbots with DeepResearch/DeepThink features 
would provide with similarly accurate, clear, 
complete and consistent responses and readability 
levels.

MATERIALS AND METHODS

This observational study was designed to compare 
the quality and reliability of responses generated 
by two advanced AI chat models, ChatGPT-4o Plus 
(OpenAI, San Francisco, CA, USA) and DeepSeek 
R1 (DeepSeek Inc., Hangzhou, China), to FAQs 
regarding TKA. The objective was to identify which 
model delivered more accurate, comprehensive, 
and patient-friendly answers. The chatbots were 
instructed to answer the questions in a manner 
directed toward the patients.

A total of 30 FAQs were selected from public 
patient forums such as Reddit (r/KneeReplacement) 
and HealthUnlocked, as well as from official patient 
education materials published by the American 
Academy of Orthopaedic Surgeons (AAOS) and the 
United Kingdom National Institute for Health and 
Care Excellence (NICE).[16,17] Selection was further 
refined based on input from two experienced 
arthroplasty surgeons to ensure clinical relevance. 
Real patients were not involved in the question 
selection process to ensure methodological 
standardization and reproducibility.

These questions spanned key clinical aspects 
such as preoperative decision-making, surgical 
techniques, recovery phases, complications, and 
long-term outcomes.

AI model configurations

The ChatGPT-4o model (OpenAI, San Francisco, 
CA, USA) was utilized with its DeepResearch 
mode activated, enabling retrieval from verified 
external medical resources beyond its static 
pretraining database. Through this functionality, 
the model could incorporate contemporary clinical 
literature, updated treatment guidelines, and 
trustworthy educational materials into its generated 
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responses.[18] Each answer was designed to maintain 
clinical accuracy while using simplified terminology 
suitable for patients, and no bibliographic references 
were displayed to preserve the conversational 
format.

The DeepSeek R1 model (DeepSeek Inc., 
Hangzhou, China) was evaluated in an equivalent 
setup with the DeepThink feature activated. This 
configuration supports reasoning and synthesis 
based on current medical data obtained through 
external database connections. DeepSeek was 
similarly instructed to provide comprehensive yet 
patient-focused explanations. Each question was 
processed independently in isolated sessions to avoid 
any form of contextual or output contamination 
between models.

Evaluation criteria

Responses generated by both models were 
systematically compiled per question. To ensure 
objectivity, all responses were anonymized and 
blinded to model identity. Two experienced 
orthopedic surgeons independently assessed 
each response using a five-point Likert scale 
(1 = very poor, 5 = excellent), based on five validated 
criteria derived from established measures of health 
information quality:[2,19]

1.	 Accuracy
2.	 Comprehensiveness
3.	 Readability
4.	 Relevance
5.	 Ethical and safety considerations

Total scores were calculated by summing the 
ratings across all five criteria, yielding a maximum 
score of 25 per response.

Readability

The readability of responses produced by both 
models was analyzed using a validated online 
tool (https://www.readabilityformulas.com) which 
calculates text complexity through established 
linguistic algorithms.[20] The assessment focused 
on two standard indices: the Flesch-Kincaid Grade 
Level (FKGL) and the Flesch Reading Ease Score 
(FRES), which estimate the literacy level and ease 
of comprehension required to understand a text.[21,22]

These measures are based on sentence length 
and word structure, offering a reproducible metric 
for language accessibility. In this context, lower 
FKGL values correspond to simpler and more 
patient-accessible language, whereas higher FRES 

values indicate greater readability. Each model’s 
compiled set of answers was analyzed separately, 
and average scores for both indices were recorded 
to allow direct comparison of linguistic simplicity. 
This standardized approach ensured that readability 
evaluation was objective and consistent across both 
AI systems.

Reliability and bias reduction

To ensure consistency in scoring and confirm 
that both evaluators applied the assessment criteria 
uniformly, inter-rater reliability was analyzed using 
the intraclass correlation coefficient (ICC) within 
a two-way mixed-effects model. Interpretation 
followed conventional thresholds, where ICC 
values below 0.50 indicate poor, 0.50–0.75 moderate, 
0.75–0.90 good, and above 0.90 excellent agreement.[23]

Intra-rater reliability was evaluated by having 
each reviewer re-assess all responses after a 
two-week interval. Both inter- and intra-rater ICCs 
were calculated and reported separately for each 
criterion.

To minimize bias, all responses were anonymized, 
randomized in order, and coded without identifiers 
to conceal the model’s identity. Evaluators did 
not participate in content generation and did 
not communicate during scoring. Any observed 
differences in scores were included in the reliability 
analysis. The complete set of 30 standardized 
patient questions used in the study is available in 
Supplementary File 1.

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS version 28.0 software (IBM Corp., Armonk, 
NY, USA). For each of the five evaluation criteria, 
accuracy, completeness, readability, relevance, 
and ethical and safety considerations, scores were 
averaged across two raters for each AI model’s 
response to 30 frequently asked patient questions. 
Composite total scores were calculated by summing 
all five domain scores for each item, with a maximum 
of 25 points per response. The normality of data was 
confirmed with Shapiro-Wilk tests. Paired sample 
t-tests were used to compare mean scores between 
ChatGPT and DeepSeek. Descriptive data were 
expressed in mean ± standard deviation (SD) or 
number and frequency, where applicable. A p value 
of < 0.05 was considered statistically significant.

 Artificial intelligence tools

 The ChatGPT-4o with the DeepResearch feature 
and DeepSeek R1 (DeepSeek Inc., Hangzhou, 

http://jointdrs.org/supplement/Suppl_File_1_JDRS_2645.pdf
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China) with the DeepThink feature were used to 
generate patient-directed responses to standardized 
questions. These outputs constituted the study 
material for subsequent blinded expert evaluation. 
No AI tool was used in data interpretation, statistical 
analysis, or manuscript writing.

RESULTS

Model performance comparison

The ChatGPT received notably high scores for 
accuracy, comprehensiveness, and ethical and 
safety considerations. However, it scored lower in 
readability and relevance compared to DeepSeek. 
The results are represented in Table I.

Flesch-Kincaid readability analysis

Table II represents readability metrics results. 
The ChatGPT responses had a FKGL of 10.2, 
corresponding to a reading level appropriate for a 
college. In contrast, the DeepSeek responses yielded 
a lower FKGL of 7.5, indicating a readability level 
consistent with middle to early high school education. 
The FRES was 45.6 for ChatGPT, suggesting a 
more challenging text, whereas DeepSeek achieved 
a FRES of 62.3, reflecting a moderately readable 
output. These results are consistent with evaluator 
scores, suggesting that DeepSeek tends to produce 
simpler and more understandable texts.

Reliability analysis

Intra-rater ICCs:

All intra-rater ICCs exceeded 0.81, with most 
values ranging between 0.86 and 1.00. These findings 
indicate a high degree of scoring consistency for both 
ChatGPT and DeepSeek across repeated evaluations.

Inter-rater ICCs:

Inter-rater reliability ranged from poor to 
moderate across domains (ICC: 0.31–0.63), reflecting 
usually acceptable agreement between raters. 
Highest consistency was observed in Ethical and 
Safety ratings for DeepSeek (ICC: 0.63), whereas 
Completeness and Relevance demonstrated more 
variation.

DISCUSSION

In the present study, we compared ChatGPT 
and DeepSeek, both equipped with 
DeepResearch/DeepThink capabilities, based on 
their responses to FAQs on TKA. The main findings 
of this study were the differences in produced 
text by two major LLMs on providing orthopedic 
information on TKA for patients. The ChatGPT-4o 
Plus with DeepResearch feature produced 
significantly more comprehensive responses, but 
at the expense of reduced readability. Whereas 

TABLE I

Statistical comparison of ChatGPT and DeepSeek performance across evaluation criteria

ChatGPT DeepSeek

Criterion Mean ± SD Mean ± SD p

Accuracy 4.8 ± 0.2 3.8 ± 0.4 < 0.001

Comprehensiveness 4.7 ± 0.2 3.9 ± 0.3 < 0.001

Readability 3.2 ± 0.4 4.3 ± 0.4 < 0.001

Relevance 4 ± 0.5 4.9 ± 0.3 < 0.001

Ethical and safety considerations 4.8 ± 0.4 4.4 ± 0.5 0.004

Total score 21.4 ± 1.1 21.3 ± 1 NS

SD, standard deviation; NS, not significant.

TABLE II

Readability metrics

ChatGPT DeepSeek

Metric Mean ± SD Mean ± SD p

FKGL 10.2 ± 1.3 7.5 ± 1.1 < 0.001

FRES 45.6 ± 5.8 62.3 ± 4.9 < 0.001

SD, standard deviation; FKGL, Flesch-Kincaid Grade Level; FRES, Flesch Reading Ease Score.
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DeepSeek with DeeptThink feature prioritized 
accessibility, aligning with recommended health 
literacy standards. These observations emphasize 
the inherent challenge of maintaining an optimal 
balance between informational depth and linguistic 
simplicity when artificial intelligence systems are 
used to communicate with patients.

Another key outcome of this study is the 
high accuracy and consistency shown by both 
ChatGPT-4o and DeepSeek R1 in generating 
educational content about TKA. The integration of 
real-time medical data through the deep research 
feature allowed both models to deliver up-to-date, 
evidence-based clinical information as assessed by 
experts. This represents a major advancement in 
the reliability of AI-supported patient education 
tools similar or beyond the level of previously 
reported results.[8,12]

The combination of research capability with 
real-time access to medical knowledge and 
transparent rationale represents one of the most 
recent innovations introduced in AI chatbots in 
early 2025.[13] Preliminary evaluations of OpenAI’s 
Deep Research tool suggest that it delivers 
well-cited summaries that are accurate, but still 
has limitations in prioritizing recent findings, 
distinguishing conceptual nuance, and integrating 
broader scientific context.[18] In this study, real-time 
data access clearly improved the accuracy and 
consistency of AI responses. This direct linkage 
between real-time retrieval and patient education 
quality arises from the models’ capacity to integrate 
the latest clinical data and updated guidelines into 
their responses. By reducing the reliance on outdated 
or static training information, these systems deliver 
more evidence-based and trustworthy educational 
content to patients. It should also be acknowledged 
that LLMs frequently draw upon publicly available 
web-based educational materials and health 
promotion content. However, such sources may 
vary widely in their scientific validity and evidence 
base. This variability highlights the importance 
of continuous human oversight and clinical 
verification of AI-generated information before its 
use in patient education.

Previous versions of ChatGPT were reported to 
provide only about 65% accuracy in orthopedic or 
surgical contexts and often lacked alignment with 
current treatment guidelines.[8] The current versions 
of ChatGPT-4 and DeepSeek, both equipped with 
real-time data retrieval, have largely overcome 
earlier limitations, particularly those related 
to outdated or hallucinated content.[6,10] More 

importantly, none of the answers generated via 
deep research by either ChatGPT or DeepSeek were 
deemed factually incorrect by expert reviewers. 
This aligns with recent findings in other medical 
fields such as diabetes education, where enhanced 
data access led to improved accuracy.[24]

Both models also demonstrated high alignment 
with expert clinical perspectives, suggesting 
that access to credible sources not only supports 
internal consistency, but also facilitates alignment 
with evidence-based clinical guidelines. 
These outcomes contrast with prior reports on 
ChatGPT-3.5 and 4, which often produced responses 
deviating from expert consensus.[15] Despite these 
strengths in accuracy and consistency, the models 
differed significantly in terms of clarity and 
comprehensiveness. The ChatGPT consistently 
produced broader content, offering detailed 
information on post-TKA rehabilitation, surgical 
techniques, prosthesis types, and complication 
management. However, this comprehensiveness 
came at the expense of readability, as reflected 
by a FKGL of 10.2 and a FRES of 45.6, levels 
that may be difficult for the average patient to 
understand.[3,21] These results support previous 
studies showing that ChatGPT-generated 
educational materials often exceed health literacy 
thresholds, with readability levels significantly 
above the average American reading grade.[3] In 
contrast, DeepSeek’s responses were closer to 
the 6th to 8th grade level recommended by the 
American Medical Association (AMA) and the 
Centers for Disease Control and Prevention.[25] The 
simplified response structure of DeepSeek aligns 
with previous research showing that easier-to-read 
content is more effective at improving patient 
comprehension.[26] This contrast also reflects a 
common clinical dilemma: while too much detail 
may overwhelm patients, excessive simplification 
risks omitting important information.[27]

Considering that most TKA patients belong 
to older age groups, content which minimizes 
cognitive load and enhances comprehension 
is particularly crucial.[2] The ChatGPT’s higher 
reading level may hinder access to information 
for patients with limited education or cognitive 
capacity, potentially increasing anxiety during 
the information process. In contrast, DeepSeek’s 
patient-friendly language may offer an advantage 
for elderly populations. Meanwhile, ChatGPT’s 
more comprehensive outputs may be more suitable 
for clinician-focused materials or multidisciplinary 
educational content.[19]
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Nonetheless, this study is limited by its evaluation 
of only 30 patient questions, and the readability 
assessments relied on expert review. A control 
condition without real-time data retrieval was not 
included, limiting the ability to directly quantify 
the contribution of retrieval augmentation to 
performance. Patient comprehension testing was not 
performed, which limits the generalizability of the 
findings to real-world educational outcomes. Future 
studies incorporating direct patient surveys across 
varied age groups could provide a more holistic 
evaluation of AI-generated content’s impact on real 
patient experiences. However, the novel features of 
ChatGPT and DeepSeek as evaluated in the current 
study were not available previously. Future AI 
systems may incorporate a dual-prompt approach 
in which the model first generates a comprehensive, 
evidence-based answer and subsequently simplifies 
it to an appropriate readability level. Furthermore, 
adaptive AI models could autonomously assess 
the user’s health literacy, determine the optimal 
reasoning pathway, and tailor the response’s 
complexity accordingly. Such evolution toward 
dynamic, patient-centric communication may 
overcome the trade-offs identified in the present 
study.

In conclusion, both ChatGPT-4o (DeepResearch) 
and DeepSeek R1 (DeepThink) effectively 
generated accurate, safe, and clinically relevant 
educational content on TKA. The ChatGPT provided 
more comprehensive and technically detailed 
explanations, whereas DeepSeek produced language 
that was easier for patients to understand. The 
incorporation of real-time information retrieval 
represents a key methodological advance, 
contributing to the reliability and educational value 
of AI-generated outputs. Applying these models 
complementarily-or selecting one according to 
patient literacy level-may enhance the clarity and 
accessibility of orthopedic patient education while 
reinforcing the supportive, rather than substitutive, 
role of artificial intelligence in clinical care.
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