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INTRODUCTION 

Magnetic Particle Imaging (MPI) is an emerging, radiation-
free imaging modality that directly detects superparamag
netic iron oxide nanoparticles, enabling high sensitivity 
and true tracer quantification without tissue background 
signal. Accurate iron quantification is critical for applica
tions such as cell tracking, drug delivery monitoring, and 
oncology research. However, current quantification ap
proaches often rely on calibration standards and are sus
ceptible to variability and observer bias. Artificial intelli
gence (AI), particularly deep learning, offers potential to 
improve standardization and predictive accuracy in medical 
image analysis. 

OBJECTIVES 

We aimed to develop and validate a three-dimensional con
volutional neural network (3D CNN) to accurately predict 
iron content from volumetric MPI data and evaluate its per
formance in both phantom and in vivo mouse models. 

METHODS 

A dataset of 175 three-dimensional MPI scans from 3D-
printed phantoms containing known quantities of iron 
(6–800 μg) was used for model training with 10-fold cross-
validation. An independent in vivo dataset of 20 CD1 mice 
injected subcutaneously with known iron quantities served 

as a testing cohort. Images were preprocessed for intensity 
normalization and noise suppression. A lightweight 3D 
CNN regression model was trained to predict iron content. 
Model performance was assessed using Pearson correlation 
coefficient (PCC), root mean squared error (RMSE), and 
mean absolute error (MAE). 

RESULTS 

For phantom datasets (≤400 μg), the model achieved a 
mean PCC of 0.90, RMSE of 48.4 μg, and MAE of 30.6 μg 
across cross-validation folds. Performance remained strong 
when including higher iron concentrations, though with 
increased error variability. In vivo testing demonstrated a 
PCC of 0.83–0.88 with RMSE of approximately 31.7 μg and 
MAE of 20.2 μg, indicating consistent predictive accuracy in 
biological samples. 

DISCUSSION 

This study demonstrates that a 3D CNN can reliably quan
tify iron content from MPI scans, reducing dependence on 
manual calibration and potentially minimizing observer 
variability. By advancing automated and standardized 
quantitative analysis, this approach strengthens the trans
lational potential of MPI and highlights the growing role of 
AI in improving precision imaging within medical research 
and future clinical practice. 
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