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Magnetic Resonance Imaging



Magnetic Resonance Imaging

Courtesy of Kevin C. Chan, PhD



T1-Weighted Images

• Images whose design (timing of radio pulses and data readout) is to produce 
contrast between gray matter, white matter, and CSF

Spatial resolution is about 1 mm3

Acquisition time for whole head is 5-10 minutes



‣ Essential in clinical care.

‣ Radiologists perform 
qualitative “lightbox” 
reads. 

‣ Most psychiatric and 
neurological disorders are 
invisible to reading 
radiologists.

Structural MRI



What Diseases Can be Detected with 
Visual Reading of MRI?

Brain Tumor Stroke Hemorrhage



Which One is Older Brain?

Young (Age 30) Old (Age 80)

Department of Psychiatry, Taipei Veterans General Hospital



Which Brain is Demented?

Department of Psychiatry, Taipei Veterans General Hospital

Non-demented (Age 70) Demented (Age 70)



Which Brain has Mental Illness?

Schizophrenia (Age 30) Normal (Age 30)

Department of Psychiatry, Taipei Veterans General Hospital



Brain Segmentation 

Tissue Intensity Distributions
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For example:  

P (CSF) near zero

P (GM) low

P (WM) moderate

source: FSL lecture
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Structural Neuroimaging

Robust changes in brain volume in schizophrenia or bipolar 
disorder compared with healthy volunteers.



Structural Neuroimaging
Grey Matter Loss
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Lerch JP et al. Cereb Cortex 2005;15:995–1001



Brain Volume Declines with Age

Marcus et al., 2007



Structural Image Data

Grey Matter White Matter Cerebrospinal 

Fluid

902,629 (91 x 109 x 91) voxels



Volumetric Measures
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Brain MRI Volume Dataset

Taiwan Aging and Mental Illness Cohort 



Visualize the Relationship Between 
Age and Total Gray Matter Volume

• load brain_age_prediction_data

• plot(data.age,data.total_gray_volume,'o');

• xlabel('Age, Year');

• ylabel('Total Gray Matter Volume, cm^3');



Generalized
Machine Learning Workflow

• Divide data into training and testing subset

• Model training data

• Evaluate trained model in training data

• Use trained model to predict response in 
testing data

• Evaluate model performance in testing data



Apply Generalized Machin Learning 
Workflow to Brain Aging MRI Data

• Divide data into training and testing subset

test_index = zeros(length(data.age),1);

test_sample = randsample(length(data.age),fix(length(data.age)*0.3));

test_index(test_sample) = 1;

train_index = ~test_index;

train_data = data(train_index==1,:);

test_data = data(test_index==1,:);

• Fit multiple linear regression to training data

model = fitlm(train_data,'ResponseVar','age')

• Predict Response in Testing Data

ypred = predict(model,test_data);

• Evaluate the model

RMSE_test = sqrt(mean((ypred-test_data.age).^2))

RMSE_train = model.RMSE



Multiple Linear Regression Results



Variable Selection Methods

https://quantifyinghealth.com/stepwise-selection/

https://quantifyinghealth.com/stepwise-selection/


Stepwise Regression

• Fit stepwise multiple linear regression to training data

model1 = stepwiselm (train_data,'ResponseVar','age')

• Predict Response in Testing Data

ypred = predict(model1,test_data);

• Evaluate the model

RMSE_test = sqrt(mean((ypred-test_data.age).^2))

RMSE_train = model1.RMSE



Stepwise Regression Results



Visualization of Predicted Brain Age

• plot(test_data.age,ypred,'o');

• xlabel('Acutal Age, Year');

• ylabel('Predicted Age, Year');



https://www.researchgate.net/figure/Accuracy-vs-Explainability-of-the-main-machine-learning-algorithms_fig1_332209054

Explainability of 

Machine Learning Methods


