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Vertebral Collapse Predictive Modeling

Generalizable model to predict new or progressing compression fractures in tumor-infiltrated

thoracolumbar vertebrae in an all-comer population

¢ Relationship between physical function at admission and walking ability at discharge in older
adults with vertebral compression fractures: an analysis using propensity score matching

e Construction and Validation of a Risk Assessment Model for Sepsis-Associated Acute Lung Injury
in Patients with Sepsis in the Intensive Care Unit

e Risk factors for the delayed discharge from anesthesia intensive care unit: a single-center
retrospective study

e Augmented prediction of vertebral collapse after osteoporotic vertebral compression fractures
through parameter-efficient fine-tuning of biomedical foundation models

¢ Risk of Infective Endocarditis in Patients with Spinal Surgical Site Infection and
<em>Staphylococcus aureus</em> Bacteremia

e Risk predictive score and cord morphology classification for intraoperative neuromonitoring
alerts in kyphosis surgery

e Deep learning-based quantification of osteonecrosis using magnetic resonance images in

Gaucher disease

Vertebral Collapse Predictive Modeling refers to the use of data-driven approaches, particularly
machine learning, and statistical models, to forecast the likelihood or progression of vertebral collapse
(VC) after an osteoporotic vertebral compression fracture (OVCF). Predictive models aim to identify
patients at high risk of developing complications such as further vertebral fractures, spinal deformity,
or neurological impairment, thereby enabling early intervention and more targeted treatment
strategies.

### Importance of Predictive Modeling for Vertebral Collapse:

Vertebral collapse, particularly following osteoporotic vertebral compression fractures, can lead to
significant clinical outcomes, including chronic pain, spinal deformities (e.g., kyphosis), reduced
mobility, and, in severe cases, neurological complications. Predicting the progression of VC is critical
for clinicians to make timely and appropriate treatment decisions, such as choosing between
conservative management, vertebroplasty, kyphoplasty, or even spinal surgery.

### Steps in Vertebral Collapse Predictive Modeling:
1. Data Collection:

1. Clinical Data: This includes patient demographics (age, sex), clinical history (bone mineral
density, comorbidities), and risk factors (previous fractures, use of medications like
corticosteroids).

2. Imaging Data: Magnetic resonance imaging (MRI) or computed tomography (CT) scans provide
detailed information about the vertebral fracture, its location, severity, and potential
complications.

3. Biomechanical Factors: These may include measurements of vertebral height loss, the
degree of deformity, and vertebral bone density.
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2. Feature Extraction:

1. MRI Imaging Features: For image-based predictive modeling, deep learning models like
convolutional neural networks (CNNs) are commonly used to extract important features from
MRI scans. This might include the contours of the fractured vertebra, areas of bone
compression, and adjacent tissue abnormalities.

2. Clinical Features: In addition to imaging features, clinical factors such as bone density scores
(T-scores), age, and presence of comorbid conditions (e.g., diabetes or rheumatoid arthritis) are
integrated to build a more robust model.

3. Model Development:

1. Machine Learning Algorithms: A variety of machine learning techniques can be used,
including:

1. Supervised learning methods like random forests, support vector machines
(SVM), and logistic regression for classification tasks (predicting progression or non-
progression of VC).

2. Deep learning models, especially convolutional neural networks (CNNs) or vision
transformers (ViTs), for extracting complex patterns from imaging data and integrating
them with clinical data.

2. Data Preprocessing: Data cleaning, normalization, and augmentation are essential steps to
ensure the model can generalize effectively and avoid overfitting.

4. Model Training and Testing:

1. Training: The model is trained using a subset of the data (e.g., 70% of the total data) and fine-
tuned using validation techniques such as cross-validation to optimize performance.

2. Testing: A separate dataset (e.g., 30% of the data) is used to evaluate the model’s predictive
accuracy, typically using metrics like accuracy, precision, recall, and area under the curve
(AUC) for classification tasks.

3. Augmented Prediction: This strategy may include using multiple MRI frames or time-based
image sequences to capture the dynamic changes in the vertebra, which can improve
prediction accuracy and provide a more holistic view of the fracture progression.

5. Interpretation and Evaluation:

1. Clinical Relevance: The model’s predictions are validated against clinical outcomes to ensure
they provide meaningful insights for decision-making. The effectiveness of the model is usually
compared to traditional clinical assessments and expert judgment.

2. Feature Importance: In deep learning models, methods like attention rollouts or grad-CAM
can be used to highlight which parts of the MRI images or clinical data are most influential in
making predictions about vertebral collapse progression.

6. Clinical Integration:

1. Decision Support Systems: Once the predictive model is validated, it can be incorporated
into clinical decision-making tools. These tools may provide clinicians with real-time predictions,
helping them decide on the most appropriate interventions for individual patients.

2. Treatment Planning: Based on the predicted risk of VC progression, treatment strategies
could range from conservative measures (e.g., pain management, bracing, and physical
therapy) to more invasive procedures such as vertebroplasty or spinal fusion surgeries.
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### Common Machine Learning Models for Vertebral Collapse Prediction:

1. Convolutional Neural Networks (CNNs): Particularly effective in analyzing medical images,
CNNs can automatically detect features from MRI scans, such as vertebral body shape, bone density,
and other markers of vertebral collapse.

2. Vision Transformers (ViTs): These models have gained traction in medical imaging as they offer
a more flexible way to process images by treating them as sequences of patches, thus capturing long-
range dependencies within the image, which is crucial for identifying complex fracture patterns.

3. Random Forests: A popular ensemble learning technique that aggregates predictions from
multiple decision trees. It can handle mixed data types (e.qg., clinical data and imaging data) and is
used to predict binary outcomes (e.g., whether VC progression will occur).

4. Support Vector Machines (SVMs): These can be applied to predict binary outcomes, like the
likelihood of vertebral collapse, based on features extracted from clinical and imaging data.

5. Long Short-Term Memory (LSTM) Networks: If sequential MRI frames or time series data are
used, LSTMs can help predict how the vertebra will change over time.

### Challenges in Vertebral Collapse Predictive Modeling:

- Data Heterogeneity: Combining clinical data with imaging data often results in diverse types of
data, which can be difficult to integrate. Standardizing and aligning data from different sources is a
key challenge.

- Small Dataset Size: Deep learning models require large datasets for optimal performance. In
medical fields like osteoporotic fractures, obtaining a large and high-quality dataset may be
challenging, especially when the condition is relatively rare or not uniformly recorded across
institutions.

- Interpretability and Trust: Deep learning models, especially CNNs and ViTs, can be seen as
“black boxes.” It's crucial to develop interpretable models or provide explanations for why the model
made a certain prediction, especially in high-stakes clinical decision-making.

- Generalizability: The model trained on one patient population may not perform as well on another
group, particularly if the dataset is limited to a particular demographic or clinical setting. This makes
external validation essential.

##4# Conclusion:

Vertebral collapse predictive modeling offers significant promise for improving clinical management of
osteoporotic fractures by enabling early intervention and personalized treatment planning. Machine
learning techniques, particularly deep learning models like CNNs and ViTs, are being increasingly
applied to predict VC progression based on MRI and clinical data. However, challenges such as data
heterogeneity, small sample sizes, and model interpretability need to be addressed to fully realize the
potential of these models in clinical practice.

Predictive modeling studies

A study aimed to develop a predictive model leveraging deep neural networks to predict VC
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progression after OVCF using magnetic resonance imaging (MRI) and clinical data. Among 245
enrolled patients with acute OVCF, data from 200 patients were used for the development dataset,
and data from 45 patients were used for the test dataset. To construct an accurate prediction model,
they explored two backbone architectures: convolutional neural networks and vision transformers
(ViTs), along with various pre-trained weights and fine-tuning methods. Through extensive
experiments, they built a model by performing parameter-efficient fine-tuning of a ViT model pre-
trained on a large-scale biomedical dataset. Attention rollouts indicated that the contours and internal
features of the compressed vertebral body were critical in predicting VC with this model. To further
improve the prediction performance of the model, they applied the augmented prediction strategy,
which uses multiple MRI frames and achieves a significantly higher area under the curve (AUC). The
findings suggest that employing a biomedical foundation model fine-tuned using a parameter-efficient
method, along with augmented prediction, can significantly enhance medical decisions

The study represents a promising step toward improving prediction models for VC progression after
osteoporotic vertebral compression fractures. The application of deep neural networks, particularly
ViTs, alongside augmented prediction strategies, shows considerable potential. However, several
limitations—such as the relatively small sample size, lack of external validation, and concerns about
model interpretability and clinical integration—must be addressed to ensure that the model can be
used effectively in real-world clinical settings. The study lays the groundwork for future research in
this area, with a focus on expanding datasets, improving model transparency, and ensuring that Al-
assisted decisions can be confidently integrated into clinical practice.

1)

Kim S, Kim I, Yuh WT, Han S, Kim C, Ko YS, Cho W, Park SB. Augmented prediction of vertebral
collapse after osteoporotic vertebral compression fractures through parameter-efficient fine-tuning of
biomedical foundation models. Sci Rep. 2024 Dec 30;14(1):31820. doi: 10.1038/s41598-024-82902-w.
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