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Objective:

The purpose of this study was to quantify the effect of single, double, and triple read labeling strategies on the statistical assessment of radiography patient
condition classification models.

Background:

Validating machine learning models in veterinary radiology presents unique challenges.
Low sighal-to-noise ratios and inherent interpretive variability among radiologists mean
that labels derived from a single reader may introduce systematic error, producing
misleading performance estimates. Understanding how labeling strategy affects validation
outcomes is essential for responsible Al development and deployment in veterinary
Imaging.

Methods:

A total of 25,000 canine radiographic studies were independently interpreted and labeled by
board-certified veterinary radiologists. Three binary classification models were selected to
represent a range of interobserver agreement profiles:

Radiologist 1
- Morgan's line/Thickened femoral neck/Enthesopathy
- Perarticular bony remodeling
- Spondylosis deformans
- Patellar malpositioning
- Perarticular bony remodeling
mmm Decreased acetabular coverage/Coxofemoral incongruity
- Perarticular bony remodeling
- Flattened femoral head
- Patellar malpositioning
- Proximal femoral physeal scar
- Morgan's line/Thickened femoral neck/Enthesopathy
- Proximal femoral physeal scar

Radiologist 2
B - Perarticular bony remodeling
- Perarticular bony remodeling

Radiologist 3
B - Perarticular bony remodeling
- Perarticular bony remodeling

Low agreement — Redundant tracheal membrane (29.3% unanimous positive agreement)
Medium agreement — Cardiomegaly (61.7% unanimous positive agreement)

High agreement — Pulmonary nodule/mass/miliary pattern (71.5% unanimous positive
agreement)

Each model was evaluated using single-reader, dual-reader, and triple-reader consensus

reference standards. Performance was assessed across accuracy, AUROC, sensitivity, precision,
specificity, NPV, and MCC.

Performance Metrics by Read Type and Agreement Level
data type condition accuracy AUROC sensitivity precision specificity npv MCC positive total
- agreement cases Cases
triple_read low 0.751 0.831 0.723 0.353 0.756 0.937 0.373 224 1440
double read low 0.719 0.754 0.613 0.325 0.741 0.904 0.285 243 1440
single read low 0.733 0.791 0.656 0.344 0.749 0.915 0.324 241 1440
triple_read medium 0.85 0.938 0.853 0.624 0.849 0.952 0.636 307 1352
double read medium 0.833 0.883 0.762 0.671 0.859 0.906 0.599 370 1352
single read medium 0.822 0.886 0.745 0.652 0.852 0.899 0.573 308 1352
triple_read high 0.889 0.914 0.833 0.495 0.896 0.978 0.587 60 551
double read high 0.864 0.855 0.676 0.495 0.893 0.947 0.501 14 551
single read high 0.86 0.85 0.688 0.436 0.883 0.956 0.472 o4 251
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Results: Conclusion:

Triple-read consensus labeling consistently produced the strongest performance

estimates across all agreement levels and metrics (Table 1). Compared to triple-read

validation:

* Single- and dual-read strategies resulted in 10-30% reductions in key metrics
iIncluding sensitivity and AUROC.

* Labelerrorrates increased by 10% or greater under single- and dual-read conditions.

* Performance gaps were most pronounced for conditions with low interobserver
agreement, where label noise has the greatest impact on metric reliability

Triple-read consensus labeling substantially reduces
validation error in veterinary radiology image classification
models, particularly for conditions with high interobserver
variability. These findings suggest that single- and dual-read
reference standards may systematically underestimate true
model performance. Triple-read labeling should be
considered a minimum standard for both model validation
and training data curation in veterinary diagnostic imaging.
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