	
	
	



Supplementary Materials
Example Python code for SC depot segmentation, 3D rendering, and characterization

1. Select the DICOM file
# Read the DICOM file
MRI_Selected_Dicom = r'C:\Users\xxx\Desktop\EXAMPLE.dcm'
dicom_dataset = pydicom.dcmread(MRI_Selected_Dicom)

# Extract the pixel data
pixel_data = dicom_dataset.pixel_array

# Verify the shape of the pixel data
print("Pixel data shape:", pixel_data.shape)
volume = np.array(pixel_data)
print("Volume shape:", volume.shape)

# Select slices that captured the SC depot from index x to y (Python uses zero-based indexing)
selected_slices = pixel_data[2:17]

# Convert the selected slices to a NumPy array
selected_volume = np.array(selected_slices)

# Verify the shape of the selected volume
print("Selected volume shape:", selected_slices.shape)

2. Segmentation
# Convert selected slices to SimpleITK image
selected_image = sitk.GetImageFromArray(selected_slices.astype(float))

image_np = selected_volume
default_seed_point = (144, 203) # Example seed point (144, 203), adjust as needed

# Initialize list to store segmented slices
segmented_slices = []

# Perform region growing for each slice
for slice_index in range(image_np.shape[0]):
    # Extract current slice as numpy array
    # current_slice_np = image_np[slice_index, :, :]
    seed_point = default_seed_point
    lower_threshold = 4000  # Example lower threshold, adjust as needed
    upper_threshold = 200000  # Example upper threshold, adjust as needed
    seg = sitk.Image(selected_image.GetSize(), sitk.sitkUInt8)
    seg.CopyInformation(selected_image)
    seg = sitk.ConnectedThreshold(selected_image[:, :, slice_index], seedList=[seed_point],
                                  lower=lower_threshold, upper=upper_threshold,
                                  replaceValue=1)
                        
    
    # Convert SimpleITK image to numpy array for visualization and further processing
    seg_np = sitk.GetArrayFromImage(seg)
    segmented_slices.append(seg_np)

# Convert list of segmented slices to numpy array for visualization
segmented_slices_np = np.array(segmented_slices)

# Visualize a sample segmented slice (optional)
fig, ax = plt.subplots()
cax = ax.pcolormesh(segmented_slices[5], cmap='gray')
fig.colorbar(cax, ax=ax, label='HU')

3. Segmentation overlay on MRI slice (Optional)
# Green color
color=[0, 1, 0]
alpha=0.1
original_slice = np.array(selected_slices)
segmented_slice = np.array(segmented_slices)

# Normalize original slice to the range [0, 1]
original_norm = original_slice / np.max(original_slice)

# Create an RGB image from the original grayscale image
original_rgb = gray2rgb(original_norm)
color_mask = np.zeros_like(original_rgb)
for i in range(3):  # Apply the color to the RGB channels
        color_mask[:, :, :, i] = color[i] * segmented_slice

# Blend the color mask with the original image using the alpha value
composite_image = original_rgb.copy()
composite_image[segmented_slice > 0] = (1 - alpha) * original_rgb[segmented_slice > 0] + alpha * color_mask[segmented_slice > 0]

4. Interactive 3D rendering display
# Convert the numpy array to float32
segmented_slice_32 = segmented_slice.astype(np.float32)

# Convert 3D array to SimpleVolume data
simpleVolume = mrn.simpleVolumeFrom3Darray(segmented_slice_32)

# Convert SimpleVolume to FloatGrid data
floatGrid = mr.simpleVolumeToDenseGrid(simpleVolume)
mesh = mr.gridToMesh(floatGrid, mr.Vector3f(1, 0.234375, 0.234375), 0.5)

#save mesh
mr.saveMesh(mesh, "EXAMPLE.stl")

# having more interactive with the volume rendering
# Load the STL file
mesh = pv.read("EXAMPLE.stl")

# Apply smoothing filter to the mesh
smooth_mesh = mesh.smooth(n_iter=30, relaxation_factor=0.3)

# Create a plotter object
plotter = pv.Plotter(notebook=False)  # Use notebook=False for interactive plot

# Add the mesh to the plotter with light gray color and semi-transparency
color = (0.56, 0.93, 0.56)  # light green color
opacity = 0.5  # 50% opacity

# Add the mesh to the plotter
plotter.add_mesh(smooth_mesh, color=color, opacity=opacity, show_edges=False, lighting=True)

padded_bounds = [
    smooth_mesh.bounds[0], smooth_mesh.bounds[1],
    smooth_mesh.bounds[2], smooth_mesh.bounds[3],
    smooth_mesh.bounds[4], smooth_mesh.bounds[5]
]

# Define the vertices of the bounding box
vertices = np.array([
    [padded_bounds[0], padded_bounds[2], padded_bounds[4]],
    [padded_bounds[1], padded_bounds[2], padded_bounds[4]],
    [padded_bounds[0], padded_bounds[3], padded_bounds[4]],
    [padded_bounds[1], padded_bounds[3], padded_bounds[4]],
    [padded_bounds[0], padded_bounds[2], padded_bounds[5]],
    [padded_bounds[1], padded_bounds[2], padded_bounds[5]],
    [padded_bounds[0], padded_bounds[3], padded_bounds[5]],
    [padded_bounds[1], padded_bounds[3], padded_bounds[5]]
])

# Define the faces of the bounding box
faces = np.hstack([
    [4, 0, 1, 3, 2], [4, 4, 5, 7, 6], [4, 0, 4, 5, 1],
    [4, 2, 6, 7, 3], [4, 0, 2, 6, 4], [4, 1, 3, 7, 5]
])

# Create a PolyData object for the bounding box
bounding_box = pv.PolyData(vertices, faces)

# Add the bounding box to the plotter as a wireframe
plotter.add_mesh(bounding_box, color="white", line_width=2, style="wireframe")

# Add coordinate axes to the corner of the plotter
plotter.add_axes()
# Show the plot interactively
plotter.show()

5. 3D rendered depot characterization
# Calculate the length of the bounding box on each axis in millimeters
length_x = (padded_bounds[1] - padded_bounds[0]) 
length_y = (padded_bounds[3] - padded_bounds[2]) 
length_z = (padded_bounds[5] - padded_bounds[4]) 

# Print the lengths of the bounding box
print(f"X Length: {length_x:.2f} mm")
print(f"Y Length: {length_y:.2f} mm")
print(f"Z Length: {length_z:.2f} mm")

# Calculate the volume and surface area of the smooth mesh
volume = smooth_mesh.volume
surface_area = smooth_mesh.area

# Calculate the surface-to-volume ratio
surface_to_volume_ratio = surface_area / volume

# Print the volume, surface area, and surface-to-volume ratio
print(f"The volume of the mesh is: {volume} cubic units")
print(f"The surface area of the mesh is: {surface_area} square units")
print(f"The surface-to-volume ratio of the mesh is: {surface_to_volume_ratio} units^-1")


	
	
	



