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Materials and Methods

Assessment of bone fragility is a key part of staging and management of
osteoporosis (OP). Fragility depends on both the mineral distribution and
bone architecture. Therefore, recent efforts have emphasized
characterization of bone microarchitecture. In this work, we focus on
characterizing bone fragility from x-ray projection images. Projection-based
modalities may be beneficial because they are commonly available and may
be used to determine bone fragility.
MicroCT images of human cadaver vertebral specimens were used to
extract regions of interests (ROIs) with both trabecular and cortical bone.
Linear finite element analysis (FEA) was applied to all ROIs to derive local
stress during compression loading. The Von Mises stress was computed for
each element and interpolated to bone voxels. The MicroCT images were
projected in the coronal and sagittal directions to generate two simulated
radiographic projection images for each ROI. Radiomic features were
computed from the projection images. A random forest ensemble was
trained to estimate the mean stress from the radiomic features. Crossvalidation was performed where projection images derived from one
patient were used for testing, while the rest were used for training. The Rsquared value between the true and predicted Von Mises stress was used to
assess model performance. The measured R-squared value was 0.85+/0.08 with radiomic features, adding substantial information over bone
mineral density.

Introduction

Results and Discussion

Goal: Assess bone fragility based on ideal radiographic projections.

•
•
•
•

1. Sample ROIs from µCT scans of cadaveric vertebra.
2. Simulate projections images for each ROI and compute their radiomic features.
3. Compute stress distribution using FEA for each ROI under load.
4. Train and cross-validate a regression model to estimate fragility metrics from
projection radiomic features.
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Figure 1. Overview of workflow for developing radiomic biomarkers of bone fragility based on projection images.
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In DXA, trabecular bone score is used to assess microarchitecture. In this
work, we focus on characterizing bone fragility from x-ray projection
images. Projection-based modalities are often more accessible and offer
reduced patient dose. Moreover, if the clinical goal is to screen for OP or
determine bone fragility, an exact representation of the microstructure may
not always be necessary. Additionally, radiographic projections have a
“simple imaging chain”, that is, despite lower contrast due to overlapping
structures compared to a reconstructed CT image, there is no need to
consider effects of reconstruction kernels and regularization.

Figure 3 Correlation
between predicted Von
Mises stress and FEAderived stress for each
fold in the leave-oneout study. The 𝑟𝑟 2 value
is 0.85 with std. of 0.08
across all folds,
indicating that the
random forest model
using radiomic features
is a reasonable
predictor of stress.

True Stress

Currently, BMD is used for evaluating fracture risk and can be measured by
quantitative CT (qCT) or dual-energy x-ray absorptiometry (DXA).
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Conclusion
This work aims to use radiomic features of bone microstructure from projection images to
estimate stress in bone. We show that under idealized conditions and high spatial
resolution, radiomic biomarkers from projection data can serve as viable estimators of
stress when combined with a regression model such as random forest. Our regression
model identified GLCM, GLSZM and GLDM as important texture features for our set of
bone ROIs in addition to BMD features. Identification of important texture biomarkers
could aid in regulatory review of drugs and devices for quantifying bone fragility through
imaging. Future work includes modeling the entire vertebra under both idealized and nonideal conditions (projection obfuscated by soft tissue, polyenergetic effects, noise and blur),
as well as using synthesized bone phantom data for training.
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Figure 4 Importance
ranking for the top 20
features used in the
random forest model,
computed based on
Gini importance metric.
As expected, first order
features, such as mean
and median, are
weighted most heavily
(~59%), followed by
GLCM (~21%) and
GLSZM (~5%). This
suggests that radiomic
texture features
contributed to
estimation of stress in
addition to BMD.

Figure 2. Trabecular bone FEA. (A) Visualization of nodal
displacement. (B) Von Mises stress distribution. Structures with high
VM stress are highlighted in yellow.
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