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Abstract

Objectives: To evaluate the interobserver reliability of the Kellgren–Lawrence (KL) classification among orthopedic 
surgeons and to compare their assessments with artificial intelligence (AI) systems.
Methods: One hundred anteroposterior weight-bearing knee radiographs from patients aged 65 years and older were 
retrospectively analyzed. Four orthopedic surgeons and two AI systems independently graded all radiographs accord-
ing to the KL classification and were blinded to clinical information and to each other’s evaluations. Interobserver agree-
ment was assessed using quadratically weighted Cohen’s kappa and intraclass correlation coefficients (ICC).
Results: Interobserver agreement among orthopedic surgeons demonstrated good reliability (mean weightedκ=0.780; 
ICC=0.784). Agreement between the orthopedic consensus and ChatGPT was moderate (κ=0.481), whereas Gemini 
demonstrated moderate-to-good agreement (κ=0.561). Agreement between the two AI systems was also moderate 
(κ=0.484).
Conclusion: The KL classification demonstrated good reliability among orthopedic surgeons. AI systems demonstrated 
moderate agreement with orthopedic experts and may serve as supportive screening tools rather than as diagnostic 
replacements.
Keywords: Artificial Intelligence, Interobserver Reliability, Kellgren–Lawrence Classification, Knee Osteoarthritis, Radio-
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Knee osteoarthritis is among the most common degenera-
tive joint diseases worldwide and a leading cause of disabil-

ity, particularly among older adults.[1] Radiographic evaluation 
continues to be an important part of assessing disease severity.

The Kellgren–Lawrence(KL)classification, first described in 
1957, is the most widely used radiographic grading system 

for knee osteoarthritis.[2] Although it is widely used, con-
cerns remain regarding its observer dependency and vari-
ability among clinicians.[3,4]

Previous studies have reported moderate to good interob-
server agreement for the KL grading scale.[4,5] With the in-
creasing integration of artificial intelligence (AI) into medi-
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cal imaging, automated grading systems have emerged.[6,7] 

Nevertheless, insufficient research has been conducted on 
the compatibility between AI systems and skilled orthope-
dic surgeons.

The aim of this study was to compare orthopedic surgeons’ 
evaluations with those of AI systems and to assess the in-
terobserver reliability of the KL classification.

Methods
Ethics committee approval was obtained from Biruni Uni-
versity Ethics Committee (approval no: 2024-BİAEK/18-65, 
date: 23.02.2026). The study was conducted in accordance 
with the principles of the Declaration of Helsinki. This ret-
rospective study assessed the reliability and agreement of 
a widely used radiographic classification system for knee 
osteoarthritis. Our study included 100 anonymized antero-
posterior weight-bearing knee radiographs from patients 
aged 65 years and older.

To maintain homogeneity within the study population and 
focus on primary degenerative osteoarthritis, only patients 
aged 65 years and older were included. Previous knee sur-
gery, inflammatory arthropathies, post-traumatic osteo-
arthritis, congenital deformities, and poor image quality 
were among the exclusion criteria. Only one knee per pa-
tient was included.

Ethics Statement
This study was conducted in accordance with the principles 
of the Declaration of Helsinki. Ethical approval was obtained 
from the Biruni University Ethics Committee prior to the ini-
tiation of the study. Because the study was retrospective and 
used fully anonymized radiographic data, the ethics com-
mittee waived the requirement for informed consent.

All radiographs were de-identified before analysis, and no 
patient-identifiable information was accessible to any of 
the observers, including the AI systems.

Radiographic Evaluation
Radiographs were independently evaluated by four ortho-
pedic surgeons and two AI systems (ChatGPT 5.2 and Gem-
ini 3). To reduce recall bias, the order of radiographs was 
randomly assigned. The orthopedic surgeons had experi-
ence in musculoskeletal imaging and knee osteoarthritis 
management. Images were uploaded directly, in high-res-
olution JPEG format, to the AI interfaces, which evaluated 
the radiographs based solely on predefined classification 
criteria without access to any clinical or demographic in-
formation. To ensure standardization, both AI systems re-
ceived the following prompt: “Evaluate the following knee 
radiograph according to the Kellgren-Lawrence classifica-
tion (Grades 0-4).

All observers were blinded to clinical data and to each oth-
er’s evaluations. Radiographs were categorized using grades 
0–4 in accordance with the KL classification system. Prior 
to evaluation, each observer received a standardized writ-
ten description of the KL grading criteria. No clinical data, 
patient history, physical examination findings, or previous 
imaging results were available to any observer. A consensus 
among surgeons was determined using majority grading.

Statistical Analysis
Statistical analyses were performed using Python (Python 
Software Foundation, Wilmington, Delaware, USA). In-
terobserver agreement was evaluated using the weight-
ed Cohen’s kappa coefficient. The primary outcome of the 
study was the interobserver reliability of the KL classifica-
tion, both among orthopedic surgeons and between or-
thopedic surgeons and AI systems. 

Since the KL classification represents an ordinal categori-
cal scale, weighted Cohen’s kappa (κ) statistics were used 
as the primary measure of interobserver agreement. Pair-
wise weighted kappa values were calculated for all pairs 
of observers. To provide an overall measure of agreement 
among the orthopedic surgeons, the mean weighted kap-
pa value was reported. Agreement between the orthope-
dic surgeons and each AI system was assessed by com-
paring each AI system’s classifications with the surgeons’ 
consensus grading.

Kappa values were interpreted according to the criteria 
proposed by Landis and Koch: values <0.20 were consid-
ered poor agreement, 0.21–0.40 fair, 0.41–0.60 moderate, 
0.61–0.80 good, and >0.80 very good agreement.[8]

As a secondary analysis, intraclass correlation coefficients 
(ICCs) were calculated using a two-way random-effects 
model and the absolute-agreement definition to further 
assess the reliability of the KL grading among all observers. 
Results were reported with 95% confidence intervals (CI).

All statistical analyses were performed using appropriate 
statistical software. A p-value of <0.05 was considered sta-
tistically significant.

Results
Interobserver agreement among the four orthopedic sur-
geons ranged between κ=0.712 and κ=0.867, with a mean 
weighted kappa of 0.780. This corresponds to good in-
terobserver reliability according to the Landis and Koch 
criteria (Table 1). 

In addition, the intraclass correlation coefficient (ICC, two-
way random, absolute agreement) calculated for the four 
surgeons was 0.784. This further confirms a good overall 
level of agreement among orthopedic surgeons.
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Agreement between the orthopedic consensus and 
ChatGPT 5.2 was moderate (κ=0.481), whereas Gemini 3 
showed moderate-to-good agreement (κ=0.561) (Fig. 1).

Agreement between AI systems (ChatGPT 5.2 and Gemini 
3) was moderate (κ=0.484) (Table 2). 

Discussion
The main finding of this study is that the KL classification 
has good interobserver reliability among experienced 
orthopedic surgeons, whereas current AI systems only 
achieve moderate agreement with human experts. The ob-
served mean weighted kappa of 0.780 and ICC of 0.784 are 
consistent with previously reported reliability ranges in the 
literature.[4,5]

The relatively high agreement among surgeons in this co-
hort may be explained by the inclusion of patients aged 
65 years and older, in whom radiographic degenerative 
changes are typically more pronounced. Clear osteophyte 
formation and joint space narrowing may reduce grading 
uncertainty compared with early-stage disease.[3,9]

AI systems showed moderate agreement with the ortho-
pedic consensus. Although AI performance did not reach 
surgeon-level reliability, the findings suggest that it could 
be useful as a support tool for radiographic standardization 
and large-scale screening. Similar AI-based approaches 
have demonstrated promising results in automated radi-
ography grading,[6,7] though performance remains depen-
dent on training datasets and algorithmic design.

It is important to note that the KL classification is partially 
observer-dependent, as it is based on visual interpretation 
of osteophyte formation and joint space narrowing.[3] As a 
result, variability between human observers and AI systems 
may reflect intrinsic limitations of the classification system 
rather than solely technological shortcomings.

Radiographic grading alone should not be used to make 
clinical decisions without consideration of patient symp-
toms, functional status, and clinical examination findings.[10]

Limitations
This study is limited by its retrospective design and in-
clusion of patients aged 65 years or older, which may 
reduce generalizability to younger populations. Clinical 
correlation and advanced imaging modalities were not 
evaluated. AI systems were assessed as static observers, 
and their performance may vary with future algorithmic 
developments.

Conclusion
The KL classification demonstrates good interobserver re-
liability among orthopedic surgeons in an elderly popula-
tion. AI systems show moderate agreement with human 
observers, indicating their potential as supportive tools in 
radiographic assessment. However, AI systems have yet to 
achieve surgeon-level agreement and should supplement, 
rather than replace, expert clinical evaluation.

Table 1. Interobserver agreement among orthopedic surgeons

Observer pair Weighted Kappa

Surgeon1–Surgeon2 0.745

Surgeon1–Surgeon3 0.712

Surgeon1–Surgeon4 0.867

Surgeon2–Surgeon3 0.713

Surgeon2–Surgeon4 0.838

Surgeon3–Surgeon4 0.804

Table 2. Agreement between orthopedic consensus and AI 
systems

Comparison Weighted Kappa

Consensus–ChatGPT 0.481

Consensus–Gemini 0.561

Figure 1. Interobserver agreement heatmap based on weighted 
kappa values. Heatmap demonstrating pairwise interobserver 
reliability for Kellgren–Lawrence grading of knee osteoarthritis 
among four orthopedic surgeons and two artificial intelligence 
systems. Color intensity represents the magnitude of agreement 
(weighted κ), ranging from low agreement (dark colors) to perfect 
agreement (bright yellow). Diagonal values indicate self-agreement 
(κ=1.0), while off-diagonal values reflect agreement between 
different observers. 137x121 mm (300x300 DPI).
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