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INTRODUCTION

• Medical ultrasound (US) is widely used medical imaging modality, due to its non-

ionizing, cost-effective, and real-time nature.

• Medical ultrasound exhibits limited image quality and high variability, leading 

to strong operator dependence and motivating the development of computer-

assisted diagnostic systems for improved diagnosis.

• Self-supervised learning for medical ultrasound remains relatively underexplored, 

highlighting the need for ultrasound-specific representation learning that 

account for its distinct characteristics of ultrasound

AIMs

• Configuring one of the largest-scale datasets dedicated to medical US, which 

serves as the foundation for the proposed representation learning

• Developing a robust US foundation representation learning framework that 

generalizes across diverse anatomical domains, captures organ-specific 

characteristics through anatomy-aware representations

Medical ultrasound image

Figure. Difference between medical US and natural images.

• Medical ultrasound exhibits distinct feature from natural image (NI)

Method: Anatomy-Aware Representation Learning

Anatomy-aware Vision Transformer (A-ViT)

• We propose A-ViT, designed to provide anatomy-adaptive SSL for US images by 

incorporating anatomical context using anatomy-conditioned deformable transformer.

• Anatomy-conditioned deformable transformer (ACDT). ACDT models anatomy-

dependent spatial feature distributions by conditioning deformable convolution on 

anatomical context, enabling adaptive receptive fields across different organs.

• The ACDT features are integrated into transformer attention, providing anatomically 

adaptive representation learning.

Learning Objective

• To optimize the A-ViT for US image representation, we formulate an SSL strategy that 

integrates multiple complementary objectives. 

• The proposed SSL framework combines masked image modeling (MIM) for local 

structural recovery, an adversarial objective to preserve high-frequency speckle features, 

and a self-distillation objective inspired by DINO for global semantic alignment.

Figure. Overall configuration of the proposed ViT

Experiments and results
We have evaluated downstream performance in major medical US applications including breast 

cancer, thyroid cancer, gallbladder tumor, cardiac view classification, and COVID-19. 

Table. Ablation study on the effect of loss function and ACDT

Table. Quantitative assessment of breast cancer classification. Comparative study: A-ViT

consistently outperforms SoTA

SSL baselines in both linear 

probing and fine-tuning,

demonstrating effective 

representation learning for 

medical ultrasound

Ablation study: The accuracy 

is achieved by ultrasound-

specific pretraining, ACDT, 

and complementary SSL 

objectives that enhance both 

local and global feature learning.

Extended evaluation of medical ultrasound image analysis
Experimental results demonstrate the effectiveness of ARL over SoTA baselines in major 

medical US applications, achieving significant improvements in accuracy and AUROC.

Table. Quantitative assessments on diverse down-stream applications

Method: Large-scale medical ultrasound dataset formation

• In this paper, we introduce a large-scale US dataset comprising 5.2 million images, 

covering 16 anatomical categories and diverse imaging conditions.

Qualitative assessment: Feature PCA and t-SNE Analysis

Qualitative assessment demonstrates that A-ViT learns more discriminative and 

anatomically faithful representations, leading to improved performance across diverse 

ultrasound tasks.
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• By incorporating the A-ViT and leveraging a newly configured 

large-scale US dataset, A-ViT enables generalizable feature 

extraction adaptive to specific anatomical contexts 

• Experimental results demonstrate the effectiveness of A-Vit 

over state-of-the-art baselines in major medical US applications 

• The experiments demonstrate the potential of the A-Vit as a 

reliable and efficient solution for computer-aided 

diagnostics


