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1 Installation

To install Rhino3DMedical for evaluation, two steps must be done: first install CAD software
Rhinoceros3D (version 7, also called Rhino 7), and second install Rhino3DMedical plug-in. Check in this
link that you have the minimum system requirements (for Windows):
https://www.rhino3d.com/7/system-requirements/ Please do the following:

1. Download and install Rhino 7 90-day trial license here:
https://www.rhino3d.com/download/rhino-for-windows/evaluation. You'll receive a trial license
key by e-mail, which you insert when opening Rhinoceros. You'll have to create a McNeel
account. The key is for evaluation purposes.

2. Download and install Rhino3DMedical 90-day trial license here:
https://rhino3dmedical.com/installation-guide/. When filling the registration form, you will
receive a license key by e-mail (different from the one of point 1). Upon opening Rhinoceros and
Rhino3DMedical, you'll be prompted to enter this license key.

When acquiring Rhino 7 and Rhino3DMedical, there won’t be any change to be made to both licenses of
points 1 and 2.

2 Open Rhino3DMedical

To open Rhino3DMedical, open application Rhino 7 in Windows Start Menu or from your desktop (Fig.
1).

Fig. 1: Desktop view with icon of Rhino 7.

3 Interface and basic controls

Rhino3DMedical is embedded in Rhino 7 (Fig. 2). It appears as a toolbar, a set of tabs, a 3D view with
different sub-views and projections (Top, Front, Right and Perspective), a command line and a menu.
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The toolbar (Fig. 3) calls the different command sections of Rhino3DMedical, which appear in the tab
section. The command line prompts instructions and information in certain situations, and the menu
contains the same commands as the toolbar, in addition with to extra functionality.

Untitled - Rhino 7 Not For Resale Lab - o X
file Edit View Cuve Suface SubD Solid Mesh Dimension Transform Tools Analyze Render Panels| Rhino3DMedical HeMenu
Standard | CPlanes  SetView Display  Select Viewportlayout Visbilty Transform  CurveTools  Surace Tools  SolidTools SubDTools MeshTools RenderTools Drafing  Newin V7 @

DeESTXD0~l +A0HAEH= 5596090000 185,60,

[Command: _RMOpenimage

Loading Rhino3DMedical... CO mman d Li ne

l.looenlmage W image Analysis & Segmentation X Mesh Repair G Image Filters I Toolbar
B, e aivtenll

0O & v & A9 2 @ "N
v Threshold-based Segmentation —Ta b

Mesti from Theeshold Extract Largest Region

v Manual Segmentation

Mask from Threshoid

Mask from Object

Create

Paint / Erase:

Scissors Select Region

Show Mask

Mesh from Mask Preview

Mesh from Mask

Perspective  Top  Front Right

End |~ Near |Point | |Mid _Cen Int| |Perp |Tan | |Quad |Knot - Vertex I Project [H Disable
CPlane  x-15.057 v 6482 20 Millimeters fault d Ortho _ Planat martT ical mi . 6956 MB

Fig. 2: Interface of Rhino3DMedical embedded in Rhino 7.

n Open Image a Image Analysis @ Segmentation ‘o'a Mesh Repair a Image Filters

Fig. 3: Rhino3DMedical toolbar.

Make sure that the Gumball option at the bottom of Rhino is always checked, and that other options
at its left like Grid Snap or Osnap are unchecked.

To navigate the 3D view, hold mouse right-button to move the scene in Top/Front/Right, and to
rotate it in Perspective. Use mouse wheel to zoom the scene in any projection. In Perspective view,
press Shift key and hold mouse right-button to move the scene. Double-click on the name of a
projection to enlarge it and hide the rest. Double-click on the name again to return to 4-grid view.

3.1 If the Rhino3DMaedical toolbar does not appear

If the toolbar does not appear, click on to the command line and type command Toolbar (type it and
press keyboard key Enter). The window of Fig. 4 will appear; click on Rhino3DMedical (inside Files) and
check the box at left of Toolbar group. Press OK and the toolbar should be visible.
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Document Properties
» Annotation Styles
Document User Text
arid
Hatch
Linetypes

Location

Alerter
Aliases
> Appearance
Cycles
» Files
General
Idle Processor
Keyboard
Libraries
Licenses
» Modeling Aids
> Mouse
Plug-ins
RhinoScript
Selection Menu
> Toolbars
Updates and Statistics
> View

File Edit Tools

Render Tools

eros\T.OVUIPlug

DMedical

Toolbars

[ |55 Toolbar group

Restore Defaults

4 Open Image

Fig. 4: Toolbar Rhino Options.

To open an image, press button Open Image in Rhino3DMedical toolbar. A window will ask you to select
a file (Fig. 5). If your medical image is of DICOM format, go to its directory and double-click or open any
file inside the DICOM directory. If your medical image is of another format (MHD, NIFTI, NRRD, TIFF),
just double-click or open it.

ﬂ Open X
! 4 1 > ThisPC > Downloads > EXPO000D v O || £ search EXPO0000
Organize » New folder = O @
“~  Name - Date modified Type Size ~
7 Quick access
BDestop 4 [ Expooco 10/21/2020 7:19 PM File 348 KB
[ Expooot 10/21/2020 7:19 PM File 345 KB
¥ Downloads # )
] [] Expo002 10/21/2020 7:19 PM File 239KB
Documents [] Expo003 10/21/2020 7:19 PM File 239 K8
Medicallmag: [ expooo4 10/21/2020 7:20 PM File 239K8
= Pictures [ expo00s 10/21/2020 7:20 PM File 230KB
B Mirakoi [ Expooos 10/21/2020 7:20 PM File 230KB
) [ expooo? 10/21/2020 7:20 PM File 240 KB
Mirrakoi Team Si
[ Expooto 1072172020 7:21 PM File 240 KB
@ OneDrive - Mirrak: D EXPOOT1 10/21/2020 7:21 PM File 240 KB
EXP0O012 10/21/2020 7:21 PM il 240 KB
= This PC o /21 e
[ Expo013 1072172020 7:21 PM File 240 KB
ud Network he [ evonnta 10715090 731 DM Eila 41 ¥R A
File name: ‘EXPDDDS v ‘ any Files (%) v|

Fig. 5: Open Image prompt window.
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For DICOM images, you will be prompted a window (Fig. 6) containing all the information of the patient
and image, and the details of the DICOM series (if there is any). Select the DICOM series from the drop-
down menu at top left, and then press Ok to open the image. Finally, the image will appear in the 3D
view (Fig. 7).

B | Image Manager X
Select DICOM Series
2 -

Table Speed : 112 ~
Table Feed per Rotation : 89.6

Spiral Pitch Factor : 14

Exposure Modulation Type : 3D MODULATION

Estimated Dose Saving : 12

CTDlvol : 1.408

Study Instance UID : 1.2.840.113711.999999.9724.1584629216
Series Instance UID : 1.2.840.113711.999999.9724.1584629216.2
Study ID : CONFIDENTIAL

Series Number : 201

Acquisition Number : 2

Instance Number : 766

Image Position (Patient) : -170.924\25 3\-406.84

Image Orientation (Patient) : 1\O\O\O\T\O

Frame of Reference UID : 1.3.46.670589.33.1.63720150400377333800002.493571354
Position Reference Indicator

Slice Location : -406.84

Image Comments : AXIAL BONE

Samples per Pixel : 1

Photometric Interpretation : MONOCHROME2

Rows: 512

Columns: 512

Pixel Spacing : 0.67578125\0.67578125

Bits Allocated : 16

Bits Stored : 16

High Bit: 15

Pixel Representation: 0

Window Center : 500,500

Window Width : 200012000

Rescale Intercept : -1024

Rescale Slope : 1

Lossy Image Compression : 00

Requested Procedure ID :

< >

Copy Data to Clipboard

OK | Cancel

Fig. 6: Open Image DICOM Manager.

Top |» Perspective |v
Y z
| y
* X
Front [+ Right |+

Fig. 7: Medical image in 3D view.
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5 Image Analysis

After opening a medical image, press Image Analysis button in the toolbar, type it in the command line
or find it in the menu. The corresponding tab will open (Fig. 8).

~

¥ Image Navigation ¥ Set Contrast And Brightness
0.000
0 0 0
~ ~ ~ Contrast < >
1.000
Brightness 3
255 255 378 Gray -
v Set Threshold
Lower 1039
3 4 & -1024 < > 3103
511 511 757
Sagittal Coronal Axial Upper 3103
[v] Show [v] Show [v] Show 1024 < > 3103
Superimpose 3D meshes [] Show Threshold

Show Crosshairs
Mesh from Threshold Preview

[] Fast Image

Fig. 8: Image Analysis tab.

5.1 Image Navigation and Show Slices

Use the Image Navigation control bars to navigate the slices of the volumetric medical image in 3D view.
Axial corresponds to Top, Sagittal to Front and Coronal to Right. Double-click with left mouse button on
any point inside Top/Front/Right view to move all slices to its intersection. Check/uncheck Show
boxes to show/hide the corresponding image slices in Perspective (Fig. 9).

L g

Sagitta Corona Avial Sagittal

[ show [ show 2l Show Show [ show ] Show [ show [ show [ show

Fig. 9: Show Slices boxes and their effect on the Perspective view.
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5.2 Superimpose 3D meshes

When checked, Superimpose 3D meshes box shows the intersection of the medical image with all 3D
meshes and 3D objects presents in the scene, with the same color of these objects. When unchecked, all
meshes and 3D objects in the scene are visible with priority over the medical image (Fig. 10).

[“] Superimpose 3D meshes [[] Superimpose 3D meshes
Fig. 10: Superimpose 3D meshes box and its effect on the 3D view.

5.3 Show Crosshairs

Show Crosshairs checkbox shows/hides the wireframe surrounding the medical image (Fig. 11).

Right [~ Right [+

[~] Show Crosshairs [[] Show Crosshairs
Fig. 11: Show Crosshairs effect on the wireframe surrounding the medical image.

5.4 Fast Image

Fast Image checkbox makes a simplification of the image (Fig. 12), so that navigation controls become
faster for interaction. This is particularly needed when the resolution of the image is so high that normal
navigation is very slow (for example, for X-Ray images). Although Fast Image makes the image look with
low-resolution, all following commands in analysis and segmentation (like meshing) are always based on
the original image.
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Right [~

[] Fast Image Fast Image
Fig. 12: Fast Image control.

5.5 Contrast and brightness

Contrast and brightness controls enhance these properties (Fig. 13). Drop-down Gray menu allows to
change color and tonality of the medical image to more warm or cold ones.

v Set Contrast And Brightness v Set Contrast And Brightness

Contrast ¢ > Contrast ¢ >

1.000 1585

Brightness ¢ > Brightness ¢ >

Gray ’ Gray

Fig. 13: Contrast and brightness controls.

5.6 Set threshold

Use Lower and Upper threshold controls to define a region of interest in your medical image (Fig. 14
left). Check Show Threshold to show the region in color (green by default). The color can be changed by
clicking on the color box.

If you press button Mask from Threshold Preview, a window will appear to show the region of interest in
3D (Fig. 14 right). You can modify the lower threshold live, and already create a mesh with everything
that is shown. To navigate the 3D view, hold mouse right-button to rotate, use mouse wheel to zoom
the scene, and press Shift key and hold mouse right-button to move the scene. Press Reset Camera to
return the camera to its default position. The color code denotes connected components: every colored

. mirrakol o



Rhino3DMedical Documentation

region is an isolated 3D connected component. Uncheck Check Connectivity to see everything in the
same color. Create Mesh already extracts a 3D mesh containing all visible components.

Mesh from Threshold Preview Reset Camera [Acheck Conmectivity Create Mesh

Fig. 14: Set Threshold and Mesh from Threshold Preview.
6 Segmentation

To perform segmentation and meshing tasks, press Segmentation button in the toolbar, type it in the
command line or find it in the menu. The tab will open (Fig. 15, left). When creating 3D objects, this tab
heavily relies on Layer tab. Call it by clicking on its icon (Fig. 15, right), or running command Layer in the

command line. You can switch between Segmentation tab and Layer tab by clicking on their respective
icons.

oaaa@ne'arm oaaa@n*-aaar

¥ Threshold-based Segmentation D B avd TA D- a 0
Layer Material  Linetype Print Wid...
Mesh from Threshold [ Extract Largest Region Default v | | Continu... 4 Default
Images Lol | Continuo.. 4 Default
Mesh goom Continuo.. 4 Default
¥ Manual Segmentation
Mask from Threshold
Mask from Object
Bounding Box
Create
Mask
Paint / Erase
Scissors Select Region
Invert Delete

Show Mask

Mesh from Mask Preview

Mesh from Mask

Fig. 15: Segmentation and Layers tab.
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6.1 Mesh from Threshold

Mesh from Threshold takes the threshold set in Image Analysis and extracts a 3D mesh. Check Extract
Largest Region to extract the biggest of the connected components of the thresholded region. If
unchecked, this mesh coincides with the one of Mesh from Threshold Preview Create Mesh (from Image
Analysis).

6.2 Layer and Shaded/Rendered controls

Once you start creating 3D meshes, check Layer tab to see the elements of the scene. They appear
listed, and can be hidden (by clicking on the light bulb), and its color changed (by clicking on the color
square). Object Images denotes the 3D volumetric medical image, and its color relates to its
surrounding wireframe. Mesh objects naturally intersect with the medical image, and you can choose
the color of this intersection in the Layer tab. You can also enforce the visibility of the mesh objects in
all projections, by unchecking Superimpose 3D meshes in Image Analysis. It is recommended also to
uncheck Show in Image Analysis for the three projections (Axial, Sagittal, Coronal), so that they don't
appear in Perspective view and the meshes can be properly seen.

In order to change mesh visibility, click on the arrow next to a view, and select Shaded. The mesh will
appear solid, with the wireframe (Fig. 16, 17). You can change its color in the Layer tab. In order to see
the mesh in a rendered view, click on the arrow next to a view and select Rendered (Fig. 18).

&8 Untitied - Rhino 7 Not For Resale Lab - [Perspective] - o x
File Edit View Cuve Suface SWbD Solid Mesh Dimension Transform Tools Analyze Render Panels Rhino3DMedical Help
Standard  CPlanes  SetView Display Select Viewportlayout Visibility Transform CurveTools SurfaceTools SofidTools SubDTools MeshTools RenderTools Drafting  Newin V7

DEESTXD0~N +20 L2 P H= 550090000 T80

Command: Layer
Display mode set to “Shaded".
Command:|

B Open image Y& image Analysis Ay Segmentation & Mesh Repair B Image Filters

& ¢ & @ &' B ® iV
DdXavderRrO

Material  Linetype  Print Wid

Laye:

o Rendered

e Ghosted Default L 8 L] Continu... 4 Default
2 X-Ray raral @)

&9, Mesh odm Continvo.. 4 Default

Technical

qg Adtistic

L=t Pen

"2 Arctic

& B Raytraced

a5 Print Preview

SN Flat Shade

T SubD Display Toggle

) II)‘ ‘Shade Selected Objects Only

P Locked

m"‘; Pan, Zoom, and Rotate

) 7 Set View
4 Set CPlane

@5,

Set Camera
Active Viewport
Viewport Layout
Background Bitmap
Grid Options..
Capture
Close Viewport
Clipping plane
Perspective 1 pefresh Shade

End - |Near Point Display Options...

Viewport Properties..

roject (8 Disable

Fig. 16: Shaded Perspective.
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&8 Untitied - Rhino 7 Not For Resale Lab - [Perspective] - o X
file Edit View Cuve Suface SwD Solid Mesh Dimension Transform Tools Analyze Render Panels Rhino3DMedical Help
Standard  CPlanes Set View Display Select  Viewport Layout Visibility  Transform  Curve Tools  Surface Tools  Solid Tools  SubD Tools ~ Mesh Tools  Render Tools  Drafting New in VT (=]
DeEslXR0~f + 20 H 2 H= «5770%000@ "%5,80,
1 dosed mesh added to selection.

1 closed mesh added to selection.
Command: |

B Openimage W image Anayss Ay Segmentation &1 Mesh Repair @ image Fiters

CORES

O & s =@ 4B "3 r N
DAXAavITRARO

Layer Material  Linetype  Print Wid-

Default - Continu.. @ Default
Images Continuo.. 4 Default
Perspective Top  Front  Right
End - Near Roint | Mid Cen it Pep _Tan | [Quad _ Knot | Vertex BiProject ([l Disable
CPane | x439374 | yso183 20000 Milmeters I Detault Giid Snap  Ortho Planar Osnap SmantTrack Gumball Record History Filter CPU use: 18%
. . .
Fig. 17: Shaded Perspective with zoom.
&Y Untitled - Rhino 7 Not For Resale Lab - [Perspective] - =] X
File Edit View Cuve Surface SubD Solid Mesh Dimension Transform Tools Analyze Render Panels RhinoDMedical Help
Sandad | CPanes  SetView Display  Select Viewportlayout Visbility Tronsform  CuveTools SufaceTools SolidTools SubDTools MeshTools RenderTools Drafting  NewinV7 2]
DeEsSIXD0~0 + 2002 H= 570090000 "%1,80,
Display mode set to “Shaded". -
Display mode set to “Rendered”. .
Command: | &
B Openimage W image Analysis A Segmentation 4L Mesh Repair 8 image Fiters
Restore ——
B oe, N . Od s e @A PN
AT
N Wireframe . DRAXavITAAO
~ = o Layer Material  Linetype Print Wid...
el J Default Continu... @ Default
SR :
9, i
] Technical Mesh Continuo.. 4 Default
99 jes
(=1 Pen .
Y72 Arctic
= 8= 3 Raytraced
8 fe Print Preview
S Flat Shade
TP 5ubD Display Togale
2805 Shade Selected Objects Oniy
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Fig. 18: Rendered Perspective.

6.3 Mask from Threshold

Mask from Threshold button converts the thresholded region defined in Image Analysis into a manual
mask (Fig. 19). This mask can be later modified throughout subsection Manual Segmentation. You can
show and hide the mask with checkbox Show Mask, and modify its color by clicking on the color square
at bottom right. You can press Mesh from Mask Preview to see it in 3D view, and already extract its 3D
mesh with Mesh from Mask button.
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Top |~

=

Front v

Right [~

Fig. 19: Mask from Threshold.

6.4 Mask from Object

Mask from Object button gets as input any Rhino solid object, and lets you create a mask within the
intersection of the object with the medical image. As in the example of Fig. 20, you can create a sphere
object (left side of Rhino interface), place it over the medical image with the help of the gumball
direction arrows, and press keyboard key Enter. An auxiliary window will let you visualize the interior of
the object for a particular lower threshold. You can fine-tune this threshold live, and choose to add all
visible region or only the largest one to the manual mask.
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Fig. 20: Mask from Object.

6.5 Bounding Box

Press Bounding Box button to create a red box in any view (Fig. 21). Follow the steps in the command
line to pick box center, corner and height. If there is a manual mask visible, the bounding box will clip it
and show only its interior. If you click on Mesh from Mask Preview or Mesh from Mask, only the inside of
the bounding box will be visible or extracted. The bounding box belongs to a layer called Bounding Box,
and its color can be changed and visibility modified. To remove its effect, delete the bounding box
(Delete key).

Fig. 21: Bounding Box and Mesh from Mask Preview.
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6.6 Paint/Erase

Press Paint/Erase to add and remove manual details. A window will appear with several tools (Fig. 22).
The main one is Brush, with which you can paint on top of any view over the medical image. Press and
hold mouse left button to add area, and click over Apply Selection to add/remove it to/from mask,
(option Add to Mask/Remove from Mask). You can delete the full brush area from a slice, or remove it
from all slices with buttons Delete on slice, Delete all. When brushing, follow the instructions of the
command line (remove area by holding Shift key, change the size of the brush live with Alt key). You can
also change brush size and shape in the window. Use option Fill Between Slices if you have painted in
several separated slices and want to interpolate in between.

Fig. 22: Paint Erase window and effect of painting on mask.

6.7 Scissors

Scissors button enables a temporary brush that directly removes material from the mask (Fig. 23).
Contrary to the Paint/Erase brush, the one of Scissors affects all the slices in the projected view. It has
the goal of disconnecting the two sides of the mask.

a with left-mause dlick. hold Shift key to add area and hold Al key to change brush size, Press Enter key when done: '_RedoView

redo,
Remove area with left-mouse click, hold Shift key to add area and hold Alt key to change brush size. Press Enter key when done

BV Openimage W image Analysis 4y Segmentation £ Mesh Repair 8 image Filters

SO RO

DERNI S LBDOROVEY 7
RN L

Fig. 23: Scissors effect on mask.
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6.8 Invert and Delete

Invert button literally inverts the manual mask (Fig. 24): every part of the image that was not mask,
becomes mask, and every part that was mask becomes not mask. This may be needed to extract the
negative shape of a 3D reconstruction. Delete button removes all existing mask.

Fig. 24: Invert mask.

6.9 Select Region

Select Region button lets you select a point over the medical image, and extracts the biggest connected
component containing it (Fig. 25).

Top -]

Fig. 25: Select Region.

6.10 Mesh from Mask and Preview

Mesh from Mask button can be pressed at any time since creation of a manual mask. It extracts the
corresponding manual mask as a 3D mesh (Fig. 26). Preview button quickly visualizes the 3D mask
without extracting it to the 3D view. Use this functionality together with that shown in subsection 6.2 to
make the most out of it.
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Fig. 26: Mesh from Mask.

7 Mesh Repair

Mesh Repair tab (Fig. 27) contains specific tools to process 3D meshes. To open it, press Mesh Repair
button in the toolbar, type it in the command line or find it in the menu. All commands in this section
take as input any 3D mesh, and give as output a new 3D mesh. In most cases the mesh is placed in a new
layer with a distinguishable name. It is recommended to open Layer tab (see subsection 6.2), hide the
original mesh and show the new one. The gumball can be used (the color arrows showing when the
mesh is selected) to move the new mesh to a different position.

O & ¢ @ & P ™ WV "

Shrink Wrap

Extract Largest Region
Smaoth

Extract Mesh Faces

A
KIRDER
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NEROS
Ay

e
RRSS
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& Y

Fig. 27: Mesh Repair tab.
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7.1 Shrink Wrap

Shrink Wrap wraps the input mesh with a high-quality solid object (Fig. 28). The resulting mesh fills holes
and removes artifacts and intersections. When running it, command line displays parameters Alpha and
Offset. These parameters control, in the case of alpha, how fine the wrapping is done, and in the case of
offset the relative precision with respect to the original mesh. If the output mesh is not satisfactory, it is
recommended to try different parameters of alpha up from 3'000, until 5'000. Same for offset in case
the precision of the output mesh is not enough.

.,"""— "i' :
h - -
“a) F

-

Fig. 28: Original mesh at left, and Shrink Wrap mesh at right.

7.2 Extract Largest Region

This command takes the original mesh and creates a new one containing the largest connected
component of the original one. It is a useful command to remove isolated small artifacts from a given
mesh.

7.3 Smooth

This command smoothens the input mesh, locally flattening areas with sharp geometry (Fig. 29). The
intensity of the command is controlled by two parameters in the command line: Iterations and
smoothing. Both can be modified to make the effects proportionally more or less pronounced, specially
the smoothing factor which can go up to 1.0.
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Fig. 29: Smooth mesh.

7.4 Extract Mesh Faces

Extract Mesh Faces runs a brush that can be placed over the input mesh by holding left mouse button
(Fig. 30). After pressing keyboard key Enter, the painted area will appear as a separate set of mesh faces,
that behaves as a new independent mesh. This command creates meshes on the surface of the input
mesh, to be used later for offsetting or solid operations.

Select mesh faces. Press Enter when done ( MakeCopy=Yes ): |
m Open Image ! Image Analysis ~ Segmentation {‘ Mesh Repair a Image Filters

/

SREDET I O ALABDOROV Q> ¥
Sl ¥%A0 RGOS I 01,

Fig. 30: Extract Mesh Faces.
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8 Image Filters

Image Filters tab (Fig. 31) contains specific tools to process medical images. To open it, press Image
Filters button in the toolbar, type it in the command line or find it in the menu. All commands in this
section take as input the medical image, and give as output a new medical image. If Preview checkbox is
checked, the new image is just a preview and does not replace the original one. If Apply button is
pressed, the new image completely replaces the original one. Every filter has its own set of input
variables, which may be accessed and modified upon selecting the corresponding filter.

Current list of filters include (Fig. 32):

e (lose: remove small bright areas.

e Dilate: increase bright areas.

e Frode: increase dark areas.

e Flip: flip image axis in X, Y or Y direction.

e Gradient: detect edges.

e Median: reduce noise by taking the median image intensity over local regions.
e Open: remove small dark areas.

e Ridge Detector: detect ridges.

e Smooth: reduce noise by averaging the image intensities over local regions.

o Voxel Spacing: rescale the spacing of the image unit voxel in X, Y or Z direction.

O & 4/ & @ & 8 %" & &2 B

Voxel Spacing ~

X Y Z

0675781 | = 0675781 | = 0505284 | =

Ridge Detectar
Smooth
Voxel Spacing

[ preview [ Preview

Apply Apply

Fig. 31: Image Filters tab and filter options.
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Resample

Ridge Detector Smooth

Voxel Spacing

Fig. 32: Image Filters and effects.

9 R3DMaedical interface

When installing Rhino3DMedical, a second icon will appear on your desktop, called R3DMedical (Fig. 33).
If you open it, you will be shown a simplified version of Rhino 7 (Fig. 34), that we call R3DMedical
interface. This is a work-in-progress interface where special modules for clinical use are placed.
Currently there are two particular modules: orbit and joint separation.
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Fig. 33: Desktop view with icon of R3DMedical.
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Fig. 34: R3DMedical interface.

9.1 Orbit module

Orbit module is accessed through Head option in R3DMedical interface. Follow the instructions on
screen to open a medical scan of a head, and segment one or two orbital cavities (Fig. 35). The controls
at the right of the program help navigate the image and perform thresholding, segmentation and
meshing operations.
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Reset Cylinder

Fig. 35: Orbit module.

9.2 Joint Separation module

Joint Separation module is accessed through Orthopaedics option in R3DMedical interface. Follow the
instructions on screen to open a medical scan of hip or pelvis, perform segmentation operations and
separate the femoral head from the acetabulum with a 3D half-sphere (Fig. 36).

Untitled - Rhino3DMedical

Rhino3DMedical

0 ® & s e @¥

S A Ee———— 15
* Sitel ¢—————@—» W
® Coronsl 4¢—————@——P> !
® Show viewport instructions

Click over the part of the image to be extracted

Layers

XX XY

Name on/off
Images
Mesh
Mesh 1

Mesh 2

Fig. 36: Joint Separation module.
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10 Menu items

The menu of Rhino3DMedical (Fig. 2) gives access to the same main elements of Rhino3DMedical: Open
Image, Image Analysis, Segmentation, Mesh Repair and Image Filters tabs. In addition, it features the
two modules of R3DMedical interface Orbit and Joint Separation. It also has a few exclusive commands,
that we divide in three categories: export/import masks, slicing plane and MRI Bias Field Correction.

10.1 Export/Import masks
These menu items export and import medical images and masks into files out of Rhino3DMedical:

e Export Image exports current medical image to an image of format MHD, MHA, TIFF, NIFTI or
NRRD.

e Import Manual Mask prompts to select an image file (any of the image formats is correct though
the most convenient one for pure masks is TIFF). A normal image can also be imported as mask
(hence setting any non-zero voxel intensity as 1 and all zero voxel intensities as 0). The
command will then import this image as mask on top of current medical image. It only works if
there is a medical image opened.

o Export Manual Mask to TIFF exports current manual mask to a TIFF file.

e Export Masked Image exports the superposition of the currently active image with the current
mask (Fig. 37). It creates a new image which keeps the image voxel intensities where the mask
values are 1, and uniform background intensities elsewhere.

Fig 37: Mask at left and Masked Image at right.

10.2 Slicing Plane

Menu item Slicing Plane prompts instructions in the command line to create a rectangle in any view.
After creation, this rectangle intersects the medical image, in any orientation of the plane (Fig. 38).
Select the plane and use the gumball (colored arrows, circles and squares close to its center) to enlarge
and rotate it. The Slicing Plane has its own associated layer in the Layer tab.
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Fig. 38: Slicing Plane.

10.3 MRI Bias Field Correction

When processing MRI images, quite often the intensities are not evenly distributed: we observe that
some parts of the image are brighter than the rest while some others are darker, in a gradual and
smooth fashion. This is due to the behavior of the transmit/receive coil operating in MRI scanning, which
in effect is adding an undesired bias field to the signal.

Menu item MRI Bias Field applies an optimization algorithm to estimate this bias field and subtract it
from the input signal (Fig. 39). It operates on the current image and gets a number of iterations through
the command line as input (write the number and press Enter, default value is 100). This number of
iterations restricts the optimization length: the bigger the number of iterations, the better the final
reconstruction, but the slower to eventually give a result.

Fig. 39: MRl scan before and after applying bias field correction.

11 Grasshopper toolbox

Grasshopper is a cutting-edge parametric modelling environment included within Rhino 7. It provides a
coding platform for you to create your own automated scripts using a rich ecosystem of third-party plug-
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ins. These plug-ins are in the form of building blocks, also called components, that you can call (as an
Application Programming Interface) in your own customized scripts. Therefore, you can automate your
own processes and routines through the use of these components. Rhino3DMedical automatically
installs a set of components in Grasshopper, which include most of the functionality seen in this manual.
More information on Grasshopper itself in https://www.grasshopper3d.com/.

To open Grasshopper, click on Grasshopper icon in Rhino (Fig. 40) or type in the command line
Grasshopper. A new window will open, with a new environment providing access to a flat scene, and a

menu with all components installed. This menu contains the components of Rhino3DMedical. In the
Ay
-

following we provide a list of all Rhino3DMedical components: -~

¥ Untitled - Rhina 7 Mot For Resale Lab
File Edit View Curve Surface SubD  Sclid Mesh Dimension Transform  Tools  Analyze Render Panels Rhino3DMedical Help
Loading SampleRdkAddRdkMaterials, version Oct 132019 16:58:26

Command:

Standard | CPlanes  SetView Display  Select  Viewportlayout \Visibility Transform  CurveTools  Surface Tools  Solid Tosls  SubD Toff
DeE8IXD0~"+2580 25 H=«598,9000@ &'t
Y Open image a\magaﬁ\na\ysws A segmentstion 2, Mesh Repair m\magemter;

"kh Tools  Render Tools  Drafting I

Top! [w 1
LT

koo, |

Fig. 40: Grasshopper icon inside Rhino.

11.1 Analysis components

m Extract Slice

e Getasingle slice
o Theslice is returned as a mesh with vertex colors
o IN Image (I) [custom object no default]
e [N Plane (P) [integer default=0]
o 0=XY,1=XZ,2=YZ
e [N Number (N) [number default=0]
o slice number to be displayed
o clamped to the extents if it exceeds them
e OUT Slice (S) [mesh]
o The resulting mesh with vertex colors

Get Bounding Box

e Get the bounding box of an image
e IN Image (I) [custom object no default]
e OUT BBox (B) [box]

|
| 1 Get Extents
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Get the extents of an image in the X, Y and Z direction
o The extents are the valid indices in any direction, useful for the ExtractSlice component

e IN Image (l) [custom object no default]
e OUT XExtents (X) [interval]
e OUT YExtents (Y) [interval]

e OUT ZExtents (Z) [interval]
o Thesizeinthe X, Y, and Z dimension

[ ] Get Range

e Get the intensity range of an image
e IN Image (I) [custom object no default]
e OUT Range (R) [interval]

= Grasshopper - unnamed - 0 x
File Edit View Display Solution Help unnamed
[Command: : Vs Rhina30Medical
Standard  CPlanes  SetView  Display  Select Viewportlayout Visibility Transform  CurveTools  Surface To i
o & Mo @ o) E T.@
DeESTYXDO~d + 202 H=- «=9069000@ "®5,00,
L ]
Perspective [+ =
s 0@ 20 0
= H
¢
[}
2
§
B
&
€
2
s
K
H
a
x b Lol
Perspective Top Front Right -+ 1 )
- = - e BT | =
CJend [INear [JPoint [IMid [JCen [Jint (JPerp [Tan [JQuad [JKnot [ Vertex [ Project Disable
Plane 26675 y37792 20000 -16.181 mem M Default Grig Sna Ortho PlanarO: iswines L&) Solution completed in ~3.5 seconds (140 seconds ago)

Fig. 41: Rhino3DMedical in Grasshopper for image analysis.

11.2 Image Filters

b
Close

e Applies closing operation to a 3D volume
o Removes small holes (dark areas) from the image
o Equivalent to dilation followed by erosion

e [N Image (l) [custom object no default]
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e IN Size (S) [integer default=5]
o Size of the dilation and erosion kernel
e OUT Image () [custom object]

Dilate

e Applies dilation operation to a 3D volume
o Enhances objects (bright areas)
e IN Image (I) [custom object no default]
e IN Size (S) [integer default=5]
o Size of the dilation kernel
OUT Image (l) [custom object]

[ ]
E Erode

e Applies erosion operation to a 3D volume
o Enhances holes (dark areas)
o IN Image (I) [custom object no default]
e IN Size (S) [integer default=5]
o Size of the erosion kernel
e OUT Image () [custom object]
ah, .
il Gradient
e Computes the magnitude of the gradient of the image
e IN Image (I) [custom object no default]
e OUT Image () [custom object]

Median

e Compute the local median for each pixel
o Useful for noise removal
e IN Image (I) [custom object no default]
e IN Size (S) [integer default=5]
o Size of the median kernel
e OUT Image (I) [custom object]

Modify Origin Spacing Flipping

e Modify Origin Spacing Flipping
e [N Image (l) [custom object no default]
e IN Origin Point (Orig) [3D Point default=Unset]
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o Point that will be the new origin

e |IN Spacing X (SpacX) [number default=0]
o Voxel spacing X coordinate

e IN Spacing Y (SpacX) [number default=0]
o Voxel spacing Y coordinate

e IN Spacing Z (SpacX) [number default=0]
o Voxel spacing Z coordinate

e IN Flipping X (FlipX) [boolean default=false]
o Flip image along X axis

e IN Flipping Y (FlipY) [boolean default=false]
o Flipimage along Y axis

e IN Flipping Z (FlipZ) [boolean default=false]
o Flip image along Z axis

OUT Image (l) [custom object]

]
Open

e Applies opening operation to a 3D volume
o Removes small objects (bright areas) from the image
o Equivalent to erosion followed by dilation

e IN Image (I) [custom object no default]

e |N Size (S) [integer default=5]
o Size of the dilation and erosion kernel

e OUT Image (I) [custom object]

Smooth

e Applies gaussian smoothing to a 3D volume
o IN Image (I) [custom object no default]
e IN Size (S) [number default=3.0]
o Size of the gaussian blur kernel
e OUT Image (l) [custom object]
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Fig. 42: Rhino3DMedical in Grasshopper for mask operations.

11.3 Image Operations

Invert Mask

e Invert the input mask: 1 goesto 0 and 0 goesto 1
e IN Mask (M) [custom object no default]
e OUT Mask (M) [custom object]

@ Masked Image

e Create an image from the superposition of an image and a mask
e IN Image (I) [custom object no default]

e IN Mask (M) [custom object no default]

e OUT Image () [custom object]

El! Masked Image from Threshold

e Create an image from the superposition of an image and a threshold
e IN Image (I) [custom object no default]
e IN Threshold (T) [number list no default]
o Thresholds for image extraction
e OUT Image () [custom object]

\7 Mask from Mesh

e Extract a binary mask from an image and a closed mesh
e IN Image (l) [custom object no default]
e IN Mesh (M) [mesh no default]

o Input mesh, closed
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e OUT Mask (M) [custom object]

-%’ Mask from Threshold

e Extract a binary mask from an image and a threshold
o IN Image (I) [custom object no default]
e IN Threshold (T) [number list no default]
o Thresholds for mask extraction
e OUT Mask (M) [custom object]

.1‘3 Mask Operation

e Perform mask operation of addition, subtraction or intersection
e IN Mask 1 (M1) [custom object no default]
e IN Mask 2 (M2) [custom object no default]
e IN Operation (O) [integer default=0]
o 0=Add, 1=Subtract, 2 = Intersect
e OUT Mask (M) [custom object]

" White Mask

e (Create a white mask with the image extents and dimensions
e IN Image (I) [custom object no default]
e [N Value (V) [boolean default=true]
o Value of the output mask
e OUT Mask (M) [custom object]

11.4 10

Read File

e Read a Metalmage, NIFTI, DICOM, NRRD, TIFF file

o Toread a DICOM series, input the path of any file in the series
e IN Path (P) [text no default]

o The path to the file
e OUT Image (l) [custom object]

o The 3D image object

-
d Write Image

e Write Image
e [N Path (P) [text no default]
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o Path of a folder (for DICOM) or a file (for non-DICOM) with format
.mhd/.mha/.tiff/.nii/.nrrd
e IN Initial DICOM Path (DICOMP) [text default=empty]
o Path of the initial image to take DICOM header info from

11.5 Mesh Extraction

H?] Surface from Region Growing

e Create the surfaces from a given 2 thresholds and a point
e IN Image (l) [custom object no default]
e IN LowerThreshold (LT) [number default=0]
e IN UpperThreshold (UT) [number default=1000]
o Lower and upper threshold may also be flipped, which one has the smaller value is not
important
e |IN Point (P) [3D Point default=0,0,0]
o The point from which to grow the region
e IN Close (C) [boolean default=false]
o Whether to return a closed mesh
e IN Smooth (S) [boolean default=true]
o Whether to produce a smooth output
o Ifthisis set to false, the result may have jagged bumps in it
e OUT Mesh (M) [mesh]

Surface from Threshold

e Create a surface from a given list of thresholds
e IN Image (I) [custom object no default]

o The 3D image object
e [N Threshold (T) [number list no default]

o Thresholds for extracting the mesh

o Ifthere are 2 thresholds a single closed surface can be created
e |N Close (C) [boolean default=false]

o Whether to return a closed mesh or a surface
e IN Smooth (S) [boolean default=true]

o Whether to produce a smooth output

o Ifthisis set to false, the result may have jagged bumps in it
e OUT Mesh (M) [mesh]
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Fig. 43: Rhino3DMedical in Grasshopper for meshing.
11.6 Mesh Filters

I
MeshFilter Fill Holes

e Creates a closed mesh by filling any openings in a mesh

o Ifthe input mesh is closed this component doesn’t modify it
o [N Mesh (M) [mesh no default]

o Input mesh, open or closed
e OUT Mesh (M) [mesh]

o Closed output mesh

11.7 Other

License

e Validate / disable / modify the installed license
e |IN ShowWindow (S) [boolean default=false]

o If true display the wizard for modifying the state of your license or activating another
e OUT IsValid (1) [boolean]

o Whether license is valid
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