Additional file 1. Supplementary information
This file contains the complete AAOS guideline-based benchmark, evidence anchors, pairwise comparisons, Friedman omnibus tests, and descriptive question-level scores by question category.
Supplementary Table S1. AAOS guideline-based question benchmark and prespecified evidence anchors
	Question / guideline section
	Chinese test-question display (English translation)
	Reference conclusion / recommendation strength
	Key error or safety criterion

	Q1
Braces
	What effect do braces have in patients with knee osteoarthritis?
	Moderate recommendation. Braces may improve pain, function, and quality of life and are an optional non-surgical measure; they are not required for every patient.
	Describing braces as ineffective, or stating that all patients must routinely use them, deviates from the reference conclusion.

	Q2
Topical NSAIDs
	What effect do topical NSAIDs have in patients with knee osteoarthritis?
	Strong recommendation. In the absence of contraindications, topical NSAIDs are recommended to improve function and quality of life and to provide symptomatic relief.
	Broadly denying the value of topical NSAIDs, or omitting important contraindications/risk information, should be penalized under accuracy and safety.

	Q3
Oral NSAIDs
	Are oral NSAIDs recommended for patients with knee osteoarthritis?
	Strong recommendation. In the absence of contraindications, oral NSAIDs are recommended to improve pain and function; gastrointestinal, renal, and cardiovascular risks should be considered.
	Characterizing efficacy as uncertain, or recommending routine long-term use without discussing risks, is a key evaluation concern.

	Q4
Weight Loss
	What is the effect of sustained weight loss in overweight or obese patients with knee osteoarthritis?
	Moderate recommendation. Sustained weight loss can improve pain and function in overweight or obese patients.
	Stating that weight loss does not improve symptoms deviates from the reference conclusion.

	Q5
Exercise
	Can exercise therapy improve pain and function in patients with knee osteoarthritis?
	Strong recommendation. Supervised exercise, home-based exercise, and/or aquatic exercise are preferable to no exercise and can improve pain and function.
	Broadly stating that exercise generally worsens the condition and should be avoided deviates from the reference conclusion.

	Q6
Neuromuscular Training
	What is the effect of neuromuscular training combined with traditional exercise in knee osteoarthritis?
	Moderate recommendation. Balance, agility, and coordination training combined with traditional exercise may improve performance-based function and walking speed, although the evidence is not entirely consistent.
	Claiming that it is clearly superior to all other exercise programs, or completely ineffective, should be judged cautiously.

	Q7
Self-Management
	Are self-management programs helpful for patients with knee osteoarthritis?
	Strong recommendation. Self-management programs are recommended to improve pain and function and commonly include education, pain coping, and behavioral management.
	Claiming that self-management has no value, or that it can completely replace physician management, is a key evaluation concern.

	Q8
Hyaluronic Acid
	Is routine intra-articular hyaluronic acid injection recommended for knee osteoarthritis?
	Moderate recommendation. Routine use is not recommended; “not routinely recommended” does not mean that it is absolutely contraindicated in every circumstance.
	Describing hyaluronic acid as a routine first-line treatment deviates from the guideline direction.

	Q9
Drains
	What effect does routine drain placement in TKA have on postoperative complications and outcomes?
	Moderate recommendation. Routine drain use is not recommended; no clear overall benefit has been demonstrated for complications or overall outcomes.
	Claiming that drains must be used routinely or provide a clear universal benefit deviates from the reference conclusion.

	Q10
Cemented vs Cementless
	Do cemented and cementless femoral/tibial fixation in TKA differ clearly in function or complications?
	Moderate recommendation. Overall function, complications, and reoperation are broadly similar; evidence differs among fixation combinations, so one approach should not be portrayed as universally superior.
	Unqualified claims that either cementless or cemented fixation is definitively superior are a key evaluation concern.

	Q11
Peripheral Nerve Blockade
	How does peripheral nerve blockade affect postoperative pain and opioid requirements after TKA?
	Strong recommendation. Peripheral nerve blockade can reduce postoperative pain and opioid requirements; overall complications and outcomes have not shown clear differences. Guideline risk information also notes motor weakness and fall prevention in some settings.
	Denying its analgesic value, or omitting relevant motor-weakness/fall risk, was part of the original rating criteria and should be interpreted in the context of block type and response.

	Q12
Periarticular Infiltration
	What is the role of periarticular local infiltration for pain control after TKA?
	Strong recommendation. Periarticular injection can reduce postoperative pain and opioid requirements.
	Stating that it is generally ineffective or inevitably causes a marked increase in complications deviates from the reference conclusion.

	Q13
Tranexamic Acid
	In the absence of clear contraindications, should tranexamic acid be used perioperatively for TKA?
	Strong recommendation. Use is recommended to reduce postoperative blood loss, drain output, and transfusion requirements while respecting contraindications and individual safety boundaries.
	Broadly recommending against its use, or omitting safety considerations related to contraindications, is a key evaluation concern.

	Q14
Surgical Navigation
	Compared with conventional techniques, does surgical navigation improve pain, function, or outcomes after TKA?
	Moderate recommendation. No clear overall clinical-outcome advantage has been demonstrated; special anatomy or complex cases require individualized consideration and do not justify a claim of universal superiority.
	Claiming that navigation is clearly superior to conventional techniques and should be used routinely is a key evaluation concern.

	Q15
Risk Factors: BMI
	How do obesity and severe obesity affect function and complications after TKA?
	Strong recommendation. Functional scores in patients with BMI 30–39.9 may be similar to those with BMI<30; BMI≥40 is associated with higher complication risk, particularly surgical-site infection.
	Generalizing that all patients with obesity have substantially worse function, or denying increased risk in severe obesity, deviates from the reference conclusion.

	Q16
Diabetes / Hyperglycemia
	How do diabetes or perioperative hyperglycemia affect TKA outcomes?
	Strong recommendation. Perioperative glycemic control should be optimized; poor control or hyperglycemia may be associated with worse outcomes and more complications.
	Stating that glycemic control has little or no effect on postoperative outcomes deviates from the reference conclusion.

	Q17
Tourniquets
	Compared with no tourniquet, how does tourniquet use affect pain, function, and transfusion after TKA?
	Strong recommendation. Overall function, pain, outcomes, and transfusion have not shown clear differences; intraoperative needs and possible muscular or thrombotic risks should be balanced.
	Stating that every patient must receive a tourniquet or that tourniquets should never be used is overly absolute.

	Q18
Patellar Resurfacing
	Do patellar resurfacing and non-resurfacing in TKA differ clearly in function or complications?
	Strong recommendation. Overall differences in function or complications are unclear, and either strategy may be used; selection should remain individualized.
	Stating that the patella must always be resurfaced or must never be resurfaced deviates from the reference boundaries.

	Q19
Cruciate Retaining
	How do cruciate-retaining (CR) and posterior-stabilized (PS) TKA differ in postoperative outcomes?
	Strong recommendation. Postoperative function, range of motion, and overall outcomes are broadly similar; neither design should be described as universally superior.
	Unconditional claims that CR or PS is comprehensively superior are a key evaluation concern.

	Q20
Patient-Specific Technology
	Are patient-specific instruments or guides superior to conventional instruments in TKA?
	Strong recommendation. Routine use is not recommended; no clear overall advantage has been demonstrated for patient outcomes, function, pain, operative time, blood loss, length of stay, or complications.
	Stating that these technologies should be used routinely to improve outcomes generally deviates from the reference direction.

	Q21
Kinematic vs Mechanical
	Which provides better postoperative outcomes in TKA, kinematic or mechanical alignment?
	Strong recommendation. Overall function, composite outcomes, and complications have not shown a clear difference; failure to detect superiority does not constitute a formal equivalence proof.
	Unconditional claims that either strategy is clearly superior to the other are a key evaluation concern.

	Q22
Pre-operative Opioids
	How does long-term preoperative opioid use affect recovery after TKA?
	Moderate recommendation. When feasible, preoperative opioids should be reduced or discontinued; preoperative use may be associated with worse function, more pain, and more complications.
	Denying an association between preoperative opioid use and prognosis deviates from the reference conclusion.

	Q23
Risk Factors: Smoking
	How does preoperative smoking affect TKA complications and functional recovery?
	Consensus option (downgraded). Preoperative smoking cessation should be attempted; smoking history may be associated with more complications, lower functional scores, greater pain, and higher infection risk.
	Stating that smoking has no meaningful effect on TKA outcomes is a key evaluation concern; a consensus option should not be presented as high-strength evidence.

	Q24
Bilateral Simultaneous vs Staged
	Compared with staged bilateral TKA, how should patients be selected for simultaneous bilateral TKA?
	Consensus option. Simultaneous bilateral TKA may be considered in appropriately selected patients but requires caution and should be avoided in patients at high risk for cardiopulmonary complications.
	Stating that all patients should undergo simultaneous surgery, or that no patient should ever undergo it, is overly absolute.


Supplementary Table S2. Pairwise comparisons and sensitivity analyses for all six outcomes
	Domain / comparison
	Mean difference
	95% CI (ML)
	Holm P (ML)
	Holm P (paired t)
	Holm P (Wilcoxon)

	Overall quality / GPT − DeepSeek
	0.216
	0.040–0.392
	0.032
	0.055
	0.069

	Overall quality / GPT − ERNIE
	0.661
	0.455–0.868
	<0.001
	<0.001
	<0.001

	Overall quality / GPT − Kimi
	0.852
	0.629–1.075
	<0.001
	<0.001
	<0.001

	Overall quality / DeepSeek − ERNIE
	0.445
	0.261–0.629
	<0.001
	<0.001
	0.002

	Overall quality / DeepSeek − Kimi
	0.636
	0.375–0.896
	<0.001
	<0.001
	0.003

	Overall quality / ERNIE − Kimi
	0.191
	-0.071–0.452
	0.154
	0.176
	0.241

	Relevance / GPT − DeepSeek
	0.434
	0.252–0.616
	<0.001
	<0.001
	0.002

	Relevance / GPT − ERNIE
	0.819
	0.624–1.015
	<0.001
	<0.001
	<0.001

	Relevance / GPT − Kimi
	0.929
	0.703–1.155
	<0.001
	<0.001
	<0.001

	Relevance / DeepSeek − ERNIE
	0.385
	0.183–0.588
	<0.001
	0.004
	0.013

	Relevance / DeepSeek − Kimi
	0.495
	0.214–0.776
	0.001
	0.005
	0.014

	Relevance / ERNIE − Kimi
	0.109
	-0.163–0.381
	0.431
	0.448
	0.659

	Accuracy / GPT − DeepSeek
	0.401
	0.223–0.579
	<0.001
	<0.001
	0.004

	Accuracy / GPT − ERNIE
	0.764
	0.557–0.971
	<0.001
	<0.001
	<0.001

	Accuracy / GPT − Kimi
	1.010
	0.789–1.231
	<0.001
	<0.001
	<0.001

	Accuracy / DeepSeek − ERNIE
	0.363
	0.173–0.553
	<0.001
	0.003
	0.005

	Accuracy / DeepSeek − Kimi
	0.609
	0.342–0.877
	<0.001
	<0.001
	0.004

	Accuracy / ERNIE − Kimi
	0.247
	-0.018–0.511
	0.067
	0.087
	0.149

	Understandability / GPT − DeepSeek
	-0.319
	-0.510–-0.129
	0.003
	0.011
	0.021

	Understandability / GPT − ERNIE
	0.255
	0.027–0.484
	0.057
	0.086
	0.111

	Understandability / GPT − Kimi
	0.486
	0.237–0.735
	<0.001
	0.004
	0.011

	Understandability / DeepSeek − ERNIE
	0.575
	0.399–0.750
	<0.001
	<0.001
	<0.001

	Understandability / DeepSeek − Kimi
	0.806
	0.534–1.077
	<0.001
	<0.001
	<0.001

	Understandability / ERNIE − Kimi
	0.231
	-0.034–0.496
	0.087
	0.108
	0.170

	Safety / GPT − DeepSeek
	0.349
	0.168–0.530
	<0.001
	0.002
	0.003

	Safety / GPT − ERNIE
	0.807
	0.587–1.028
	<0.001
	<0.001
	<0.001

	Safety / GPT − Kimi
	0.983
	0.766–1.199
	<0.001
	<0.001
	<0.001

	Safety / DeepSeek − ERNIE
	0.458
	0.261–0.656
	<0.001
	<0.001
	0.003

	Safety / DeepSeek − Kimi
	0.634
	0.382–0.885
	<0.001
	<0.001
	0.002

	Safety / ERNIE − Kimi
	0.175
	-0.097–0.448
	0.208
	0.230
	0.284

	Response consistency / GPT − DeepSeek
	0.260
	Not fitted
	Not fitted
	0.010
	0.019

	Response consistency / GPT − ERNIE
	0.552
	Not fitted
	Not fitted
	<0.001
	<0.001

	Response consistency / GPT − Kimi
	0.703
	Not fitted
	Not fitted
	<0.001
	<0.001

	Response consistency / DeepSeek − ERNIE
	0.292
	Not fitted
	Not fitted
	0.001
	0.004

	Response consistency / DeepSeek − Kimi
	0.443
	Not fitted
	Not fitted
	<0.001
	<0.001

	Response consistency / ERNIE − Kimi
	0.151
	Not fitted
	Not fitted
	0.130
	0.148


P values are Holm-adjusted within the six comparisons for each outcome. ML CIs are pointwise 95% CIs. Paired t and Wilcoxon tests use 24 paired question means. Wilcoxon uses a tie-corrected normal approximation, zero differences excluded, no continuity correction, and numerical ties restored before ranking. No ML model was fitted for response consistency.
Supplementary Table S3. Friedman omnibus tests across 24 paired questions
	Outcome
	Friedman χ²
	df
	P
	Kendall’s W

	Overall quality
	25.150
	3
	<0.001
	0.349

	Relevance
	32.775
	3
	<0.001
	0.455

	Accuracy
	37.271
	3
	<0.001
	0.518

	Understandability
	23.850
	3
	<0.001
	0.331

	Safety
	36.772
	3
	<0.001
	0.511

	Response consistency
	45.471
	3
	<0.001
	0.632


P values are asymptotic chi-square probabilities with tie correction. Omnibus P values are reported without correction across outcomes; secondary outcomes remain exploratory.
Supplementary Table S4. Overall quality by question category
	Question category
	Questions
	GPT
	DeepSeek
	ERNIE
	Kimi

	OA non-surgical
	8
	4.434 ± 0.416
	4.228 ± 0.324
	3.823 ± 0.292
	3.737 ± 0.487

	TKA surgical
	16
	4.574 ± 0.300
	4.353 ± 0.310
	3.887 ± 0.381
	3.645 ± 0.551


Values are mean ± sample SD across question means, each averaged over three rounds and eight raters. These descriptive SDs use a different level from Table 2. The model-by-category ML likelihood-ratio test was χ²=0.985, df=3, P=0.805.





