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- Accuracy was lowest between ED and ES.
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o Figure 1. Workflow from ECG-4DCT data collection to 4DDD calculation and evaluation.
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Figure 4. Representative high-variability case: 4DDD and DVH differences across

DIR algorithms.

- MIM showed favorable phantom dosimetric performance.

- Image-similarity improvement did not always translate into
substructural alignment.

- TransMorph improved contour overlap but showed higher negative-
Jacobian rates and localized dose differences.

- Patients without metallic implants had reduced geometry and higher
4DDD variability.

- DIR-based 4DDD should be used cautiously for small, highly mobile
targets.

- DIR performance should be judged by geometry, DVF plausibility, and
accumulated dose together.

Conclusion

- Current DIR methods remain limited for complex cardiac motion in ECG-
4DCT.

- Geometry alone cannot guarantee physiologically plausible deformation
or stable 4DDD.

- Cardiac-specific, physiology-constrained DIR is needed for robust STAR
dose accumulation.

- Future work should integrate coupled cardiorespiratory motion and
uncertainty propagation.



