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INTRODUCTION METHODS AND MATERIALS

Accurate estimation of proton stopping power Phantom imaging is performed using the Gammex-467 tissue characterization phantom (Gammex Inc., Middleton, WI) containing
ratio (SPR) is essential for reducing range 13 tissue-equivalent inserts spanning a range of electron densities and elemental compositions. The phantom is scanned on a
uncertainties in proton therapy treatment Philips Spectral CT 7500 dual-layer detector CT scanner (Philips Healthcare, Best, the Netherlands). Sixteen VMIs are reconstructed
planning. Conventional single-energy CT (SECT) at energies ranging from 50 to 200 keV in 10 keV increments. PCA is applied to the CT numbers of the tissue-equivalent inserts
methods rely on a one-to-one relationship across all VMIs to identify the dominant spectral components (Figures 1-3). The first two principal components are subsequently
between CT number and tissue composition, used to construct two independent component images, referred to as eigenimage 1 and eigenimage 2.

which suffers from intrinsic degeneracy because
different tissues can exhibit similar CT numbers.
Dual-energy CT (DECT) partially resolves this

ABSTRACT

Previous image-based dual-energy CT
(DECT) methods for proton stopping
power ratio (SPR) estimation typically
rely on predefined pairs of virtual
monoenergetic images (VMIs). In this
work, principal component analysis
(PCA) is applied to VMIs reconstructed
from 50 to 200 keV to generate two
eigenimages that optimally represent

The eigenmaterial decomposition (EMD) framework [3] is applied to the eigenimages to estimate voxel-wise p, and SPR (Figure 4).
Performance is evaluated using leave-one-out cross-validation, in which each phantom insert is excluded from the calibration
dataset and subsequently estimated using the remaining inserts. Estimated p, and SPR values are compared with reference data
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Figure 2. VMIs (top) and PCA-derived PC images (bottom). PC1 and PC2 capture the dominant VMIs of the Gammex-467 phantom.
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Figure 4. Workflow of the proposed PCA-based framework for estimating electron density relative to water (p,)
and proton stopping power ratio (SPR) from DECT VMIs.

DISCUSSION CONCLUSIONS

The VMI dataset generated by dual-energy CT is highly PCA-derived eigenimages provide
redundant because all VMIs are reconstructed from the an effective and practical approach
same underlying spectral acquisition. This redundancy is for exploiting  the spectral
confirmed by PCA, which showed that the first two principa information available in dual-energy
components captured approximately 99.5% of the tota CT. Experiments with a tissue
variance in the phantom dataset. Therefore, nearly al characterization phantom showed
relevant spectral information can be represented using only improved estimation of electron
two independent component images. density and proton stopping power
ratio compared with both
conventional VMI-based and
scanner-derived methods. The
proposed image-domain framework

RESULTS

PCA demonstrated that the VMI dataset is highly redundant. The first two
principal components explained approximately 99.5% of the total variance,
confirming that nearly all relevant information can be represented by two
eigenimages.

Application of the eigenmaterial decomposition (EMD) framework to the PCA-
derived eigenimages produced accurate estimates of p, and SPR across the 13
tissue-equivalent inserts of the Gammex-467 phantom. The estimated values

exhibited good agreement with reference data and small systematic biases.

Unlike conventional approaches that rely on a predefined
VMI pair, the proposed method combines information from
all available VMIs in a data-driven manner. The resulting
eigenimages provide optimized inputs for quantitative tissue

The proposed method achieved the lowest errors among all approaches

evaluated. RMS errors in p, are 0.94% for the eigenimages, compared with
1.08% for the 50/200 keV VMI pair and 1.36% for scanner-derived maps. RMS
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Figure 5. Residual errors in p, (left) and SPR (right) for the PCA-derived eigenimages, 50/200 keV VMI pair,
and scanner-derived estimates.
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