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1. INTRODUCTION

Mimics is a software developed by Materialise specifically for the processing of
medical images. This software is used for the segmentation of 3D medical images
(from CT, MRI, microCT, CBCT, Ultrasound) and the result is high-precision 3D
models of the patient's anatomy. In this protocol, the process of segmentation of
medical images will be described in detail to obtain the 3D reconstruction of the
anatomical parts analyzed.

2. OBJECTIVE

The objective of this work instruction is to give a detailed overview of all steps that
are to be performed in the image quality check and the segmentation by company
Planning Assistant using Mimics Medical Materialise software, to ensure high quality,
standardized, and production process.

3. IMAGE PROTOCOL

The files must be only in DICOM format. You cannot receive other formats (JPG,
PNG, OBJ, IGES, etc.) because the Mimics Medical Materialise software cannot
read these files.

Generally, in cases that require a separate jaw, it is recommended to send us open-
mouth and closed-mouth CT scans. If the open-mouth CT is not available, manual
segmentation must be performed.

DICOM scan must comply with the parameters of the company protocol (see table
1). Open the DICOM file in Mimics and click on the “project information” icon to
validate this data.

In addition to the information from the company protocol, validate that the files
contain the patient's information to verify that the images correspond to the case
under study.

rivers angela patricia - morales rivera angela patricia (boca abierta).mes - (Lossless Compression) - Mimics Medical 18.0.0.524
SR view Image Measure Segment Analyze Align 30 Tools Help

B -HE (4 DE[e [0 +bx A %6 NS | 5]l soome [Am]07mn]
A EEE L XY ITETII RN oY

- il Ly #
Figure 1. Mimics Medical interface.
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Table 1. CT scans satisfy company protocol

CT SCAN PARAMETERS

PARAMETERS Orthognathic - Cranial Facial Leg Region (fibula) Hip Region Orthopedic
Reconstruction Implant

< 3 months. < 6 months. < 3 months. < 3 months. < 3 months.

< 200.milisegundos Automatic NA. ??

<1.0mm. <1.0mm. <1.25mm
<1.0mm. <1.0mm. <1.25mm
Reconstruction Bone or high resolution. Moderate-Soft tissue -NO Standard or Soft tissue ??
algorithm bone -Detalil

True axial slices are recommended.

A negative PITCH is required.

512 x 512

RAB

<1.0mm.

0°.
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No presence of
Motion
(Not in the region
of interest)

R/L indication
(If you need to
indicate the right
and left side, the
images needs to
be rejected)
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3.1.File of view per case for segmentation.

Field of View Cranium-maxilofacial
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Figure 2. Field of view per case.
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4. TYPE OF IMAGES.

4.1.X-rays:
X-rays are a type of radiation called electromagnetic waves. X-ray imaging creates
pictures of the inside of your body. The images show the parts of your body in
different shades of black and white. The most familiar use of x-rays is checking for
fractures. X-rays aren’t valid to start the company process. It could be used as
an additional file.

Figure 3. X-ray image.

4.2.CBCT:
Cone Beam Computed Tomography is a radiographic imaging method that allows
accurate, three-dimensional (3D) imaging of hard tissue structures. They are valid
to start the company process.
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Figure 4. CBCT image.

4.3.CT:
A computed Tomographic or TAC scan combines a series of X-ray images taken
from different angles around your body and uses computer processing to create
cross-sectional images (slices) of the bones, blood vessels, and soft tissues inside
your body. They are valid to start the company process.

Figure 5. CBCT image.

4.4.MRI:
Magnetic Resonance Imaging is a medical imaging technique that uses a magnetic
field and computer-generated radio waves to create detailed images of the organs
and tissues in your body. MRIs aren’t valid to start the company process. It could
be used as an additional file.

Figure 6. MRI image.
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5. SEGMENT WITH SCRIPT (MIMICS TRAINING).

Open Mimics Medical software

5.1.Scripting library:
The first step for the segmentation process selects the automatic segmentation
created by company.

te 3D Tools Script | Scripting Library = Help

&=l 1 Planeacion desarrolladares k
) | [Z]|[view F bis]
ol |

Ppt:
|  Segmentacién Automitica Lib k==
Videos_TACs » | Segmentaciones ”

Figure 7. Select the scripting library.

Mark each item as soft tissue, metals, save rejects, and shell reduction. After that
browse the DICOM or DICOMDIX archive, which is on the “Local Disk C”. Click “ok”
to continue. Next, select the type of procedure you need.

@' Segmentacién - O X

Archivo: MErowse

% Seleccion de procedimiento X
Tipo de importacion: Strict v Importacion a 3-matic: No b

Por favor indique el tipo de procedimiento
Craneoplastia| Ortognatica = Mandibular

‘Slice increment’ méximo [mm]: 1 Mimero minimo de slices: 100 -

v Induir tejidos blandos v Induir metales Vv Guardar rechazados v Shell reduction

Cancel

Figure 8. Browse the DICOM file and procedures type.

5.2.Incorrect files:
If the DICOM files are incorrect, these are the possible messages you may see. The
messages may say that the files aren’t found, there aren’t studies in the file, the
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program found some studies, but they aren’t valid, and the studies don’t meet the
company filters.

@ Error x B’ Mensaje X
I No se han encontrado archivos DICOM vilidos en el directorio o Se han encontrado 0 estudios, 0 vélidos.
B Mensaje X %z
Se han encontrado 5 estudios, 0 vélidos. No se encontraron estudios que
cumplan los filtros ingresados

| oK

Figure 9. Messages for wrong files.

5.3.Correct files:
When the DICOM files are correct, you will see these messages. Click “ok” to
continue with the study. Later, if the time in which the DICOMs were taken doesn’t

affect the design process, you can accept and obtain the segmentation proposed by
the scripting.

B Mensaje X ®
o Se han encontrado 18 estudios. 4 vilidos. El estudio tiene mas de tres meses de antigliedad, édesea continuar?
si | No

Figure 10. Messages for correct files.

Finally, add a suffix for found files and save.

3

Sufijo; |

Carcel

Figure 11. Messages for correct files.
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5.4 Export STL.:
On the right of your window, you will see all masks. You must save the STL files of
the study (Soft tissue, Bone, and teeth) with the company code and the patient's
initials.

L PALTIAR | T Y AT IAINICL FIROOeY ~ LTI T TV T IRT Seet FIAOM_ L RAISE DTS - (LI L OTIPTERON] - M) ATORLeT A o

File Edt View Image Measure Segment Anshze Align Simulste 3D Took Script Scripting Library Help
1B-HE I @ O ki ~4AE v )| (\iew] Mossurn | Segmert [ Analyze | Smuiate [ 20 Tocs |

=k PRBNW/Z2/AK O B2 WD &2

16327

Figure 12. The final 3D reconstruction.

6. MANUAL SEGMENTATION (MIMICS TRAINING).

Open Mimics Medical software

6.1.New project:
The initial step for the segmentation process is to create a new project from "File" —
"New Project Wizard" as shown in the image below.
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% (No project loaded) - Mimics Medical 20.0
'File | Edit View Image Measure Segment Analyze Align Simulate 3D Tools Script  Scripting Library  Help

& New Project Wizard... Ctri+N |1 @ ;E”mw e o

% Open Project... Ctrl+0
Save Project Ctrl+5

Save Project As..

Close Project Ctri+W -
Import 3 - . -
3lise mimics

Export

Project Information... On SUIte

Anonymize Project
Run MATLAE Script...

-

Print... Ctrl+P
Save/Print Screenshot... Ctrl+H
Capture Movie... Ctrl+Shift+ M

1 GIRALDO GARCIAS GLADIS ESTELLA B.CA 3
2 GIRALDO GARCIAS GLADIS ESTELLA B.C.3 WNelcome to the Materia
3 RUIZ DIAZ JORGE HERNANDO_CRANEQ.1
4 RUIZ DIAZ JORGE HERNANDO_CRANEQ.2
5 RUIZ DIAZ JORGE HERNANDO

& CELESTING CAMARGO NARCISO CRANEQ.L ise Mimics Innovation Suite combines the image p
P T dvanced ability to do engineering on anatomicz
1 RAMOS BLANCO JORGE LUIS 001

& VILLADA BETANCOURT DANIEL_CRAMEOQ .2

ost comprehensive, poweriul and user-friendly me
ical engineering software available

n combination engineering on anatomy virtually ¢
Exit

Figure 13. Mimics Medical interface.

e Select DICOM file: Then you must select the folder that has the DICOM or
DICOMDIX archive, which is on the Local Disk C, select "Next" to continue.

| New Project Wizard =
v Images

Select the media or files that contain the images to impart

Favorites File browser
C:\DICOM FILE\DICOM FILES o
File name 2 Type &
a (M Equipo Carpeta de sistema L
4 & Disco local (C) Disco local :‘
.ipynb_checkpoints Carpeta de archivos B
Archivos de programa Carpeta de archivos
Archivos de programa (x88) Carpeta de archivos
. Autodesk Carpeta de archivos
. dcam Carpeta de archivos
4 |, DICOMFILE Carpeta de archivos
DICOM FILES Carpeta de archivos
. Drivers Carpeta de archivos
. Intel Carpeta de archivos
MedData Carpeta de archivos
patch Carpeta de archivos
Perflogs Carpeta de archivos
ProgramD Carpeta de archivos
¥ Add to favorites o crrinte - | Carnata da srehiune .
Target folder: C:\MedData ...  Importmethod: [”] show import log

@ s

Figure 14. Selecting the DICOM file.
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e Convert Files: Choose the study with the most cuts (317 for this example),
select the "Convert” option to continue.

Mew Praject Wizard =0
3 Studies
Check studies to convert
<) Memory needed (compressed/uncompressed): 34,25MB [ 63,50MB  Memory available: 25,00 GB
[®] Check all studies | udies Compression |Lossless ¥
} Patient: 5 =
[ E= Study: TC DE SENOS PARANASALE (43596) Modality: CT (?_.T
| Series: FINOS
a ~
™ E= Study: TC DE SENOS PARANASALE (43596) Modality: CT cT N
2| Series: TC DE CARA B.A
[ Study TC DE SENOS PARANASALE (43396) Modality: CT C_T
2| Series: TC DE CARA B.C
~ __Images {137) | Scouts (2)
= = —
£ ‘ Al | Acqusiton | cribcal | image | Man | patent | [+] B o
28 (tag 7 Tag Description VR Length Value
B 0002,0000 File MetaInfor.. UL 4 196
4] | 00020001 Fiemetalfor.. OB 2 <binary> E|
=|
@ Help [ << Back ] I Convert I | Cancel |

Figure 15. Conversion of the DICOM file.

Below, you can see the images in the different planes: axial, coronal, and sagittal.
With the mouse, you can move through the slice and change the contrast to the

images.

Yellow

Semstion Objects | Snap  Transforias

Log  VoumeRenderng | Contrast

Figure 16. Visualization of the images in the axial, coronal and sagittal planes.
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6.2.Selection of parameters for segmentation:
You can select the “New mask” or “thresholding” icon.

e Thresholding: The Thresholding technique is a type of image segmentation,
in which areas of interest of an image are selected separating them from the
rest:

Figure 17. Selecting the Thresholding operation.

Some predefined filters can be selected. But it is possible to modify the threshold
range to include/exclude different tissues.
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% Thresholding

Predefined thresholds sets:

Bone (CT) o

-1024 0

Y

Min 226 [+ HU

[ Fill holes

Custom .

Soft Tissue (CT)
Enamel {CT, Adult)

Enamel {T, Child) |
Compact Bone(CT, Adult)
Compact Bone(CT, Child)
Spongial Bone (CT, Adult)
Spongial Bone (CT, Child)
Musde Tissue (CT, Adult) ™
Max 3071+ HU

—_

m

I OK ] [ Cancel

Figure 18. Selection of filters.
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By selecting this icon, we will bring a 3D preview of the selected threshold, then,
when you are satisfied with the model, continue clicking on "OK". (Not available for

Mimics 20.0)

Figure 19. Selection of the predefined set of thresholds: Bone, Soft Tissue, Metal, etc.

Eliminate noise: The "Region Growing" tool is used on the right side of the
Thresholding button to eliminate any noise. The skull is selected by clicking

on it.

% Region Growing
[ Keep Original Mask | @ &-connectivity

> | [¥] Multiple Layer | 26-connectivity | Close

Source: Target:

i | <> | Green

Green

Figure 20. Noise removal from "Region Growing"

e Calculate part: The reconstruction of the 3D model is done, selecting
"Calculate Part". Choose the option "Quality" — "Optimal" and click on

"Calculate”
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% Calculate Part
Quality
! Law rrel. Higmreshol... S Low
: : . ~ 1 Medium
() High
(@ Optimal =
Custom
* Recommended
Options. .. |
| Calculate | | Close ] | Help |

Figure 21. Quality settings.

Finally, the reconstructed 3D model is obtained from the segmentation of the medical
images.

Figure 22. Obtaining the final 3D reconstruction.

6.3. Separate:

e Split mask: Select the “Split mask” tool and add the regions that you need
separate. Change the names of regions.
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FLE  VIEW  DuGE MENT  ADVANCEDSEGMENT  MDTOOLS MEASIRE  AUGN MYTAS  HEwp

am 1 Ovaw Profile Line B &£ ] = ' . y B - e <

as H D B ) o= '/ =y d L) ( b ) L) &“? S

New Tiveshod Dynsmc Regen — Regon gt Crop  Edt  Multiple 10 Interpolate Label Morphology Smooth Cawlty Smart Smat  Calaudate Update

Mask Grom Gow,/ Mask  Mask  Masks  SkeEdt Operatons Mesk Fi Fi  Bosd  Poyines Poivines
coxote

%_ Split Mask

Selection

Regions

] — O

<|| obects

Name

log  VoumeRenderng | Conbast Semudstc

Figure 23. Separate with split mask

Brush the part of the interest and click on “ok”

*t0p-BBRS-¢c&6ID ‘s aa

FILE VIEW [MAGE SEGMENT ADVANCEDSEGMENT JDTOOLS MEASIRE ALIGN MITAS hewp

& X
tmages | Masis | Messrements
Name Visible Lowe
W Green © 26
«

X@hene

Objects | Resice Objects

Name Visible Cont

[
+XDO Ve

Suaton bjects | Snap  Transfortuat

Figure 24. Brush Region mask.
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the complete part with the “edit mask” tool.

tO0®-BBH-¢cHIDB

B aag
FLE VIEW DMAGE  SEGWENT

CASTRILLON MEJIA LEIDY JIMENA - Leidy X
ADVANCEDSEGVENT  JDTOOLS  MEASIRE  ALIGN

e
@R = o 9

Regon Spit Crop e

Grow  Mask  Mask

(S
Ske Edt

Smooth Cawity Smart  Smart
Operators  Operstors Mak Rl

A

L0 VoumeRenderng | Contrast

Figure 25. Edit mask

f ® (T 9@
Mutiple 30 Interpolate Label Boolean

Edit mask: You can modify the threshold settings and brush the bone to add

Edit multiple masks: Use the “Edit multiple masks” tool to brush multiple
masks and improve the 3D model. You can see the progress in the 3D
preview.

Seuiston Otpects | Snap  Trarsforead

Figure 26. Brush the threshold setting with the edit multiple masks tool.
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e Smart Fill: Fill closed and opened holes automatically with global fill and
semiautomatically with local fill.

to0p-BBS-cHTIDB QAR -
LE  VIEW DAGE  SEGMET  ADVANEDSEGMENT DTORS MEASRE AUGN MITAS  rep
1, Orow Profie Line ] = ‘ o y - = L]
S N et 2 @ @ =® = 0O e O @ x @
New Tiveshod Dynami Region T— Regon  Spit  Crop Edt  Mitpe Dlntepcste Label  Boclesn  Morphoisgy Smooth c..-\‘@:; Smat  Caliste
Mask Grom Grow  Mek Mask  Masks  Sice Edt Operatons  Operstors  Mask  F

Bxpand  Polylnes
Moaf

loa  Volme Renderra

Contrast

Figure 27. Brush the threshold setting with the edit multiple masks tool.

6.4. Other tools you may need:

e Smooth mask: Use a smooth mask to delete pixels out of the geometry,
especially for images with scatter.

Be aware that this tool creates holes in the mask. There are not many features to
change. Just by clicking on the tool, it will work.

FLE VEW IMAGE

SEGMENT ADVANCED SEGMENT DTOOLS MEASURE
HHE )

AIGN  MYTAB  HELP

Yo o8 9 W |2 = O 9

1 ) o Dy =4 @ o % @
Q' L H 0 o, os x =} e e 'Aj’ f HH
New Threshold Dynamic Region Region Spit Crop | EGt  Muple D Interpolate Label Boclean  Morpholagy Smooth Qvity Smart Smart  Caludste CakulatePolyines Update Cavity Fil from TH Part Mask from
Mask Grow Grow  Mask  Mask | Masks  SlceEdit Operations  Operati Mask Al Fil  Expand  Polyines from Part Polynes slylines Structure Object
Create Separate Madsfy Polylnes Trace Calcuate

Figure 28. Select the Smooth mask tool.

e Morphological operations: It is used when it is necessary to disconnect two
elements that have a contact point that is difficult to identify.
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s i buDrawbrofielne (D [ = | e = a o) ® ko) % @

TesT L | 5 =S 0 f e BHIOS @ X & ) (=) r ® 3
New Threshold Dynamic Region G Region Spiit  Crop Edt  Mutpe 30 Interpolate Label  Boolean | Morphology| Smooth Cavity Smart Smart  Caludate Callate Polyines Update  Cavity 7 from Thin Part Mask from
Mask Grow Grow  Mesk Mask | Masks  SiceEdit Operations | Operations{ Mask Rl Fll  Expand  Polines  fomPart  Podines  Fobfines  Stuctre Object

Create Separate Modify Polylnes Trace Calculate

Figure 29. Select the Morphological operations tool.

Close: Fill in some of the pixels in the mask.

Dilate: This tool expands the mask out of the perimeter. You can define the
number of pixels. Useful to give back the pixels you delete in erode.

Erode: This tool reduces the mask inside of the perimeter. You can define the
number of pixels. Useful to separate the teeth.

Open: Create holes in the mask, it is useful before using region growing to
separate isolated parts.

Figure 30. Morphological operations view.
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e Boolean operation: It allows to unite, subtract, or intersect masks. It is helpful

to separate teeth roots

FLE VEW IMAGE | SEGM

ENT ~ ADVANCED SEGMENT  3DTOOLS  MEASURE  ALIGN MYTAR  HELP

e X & Ko g r | s®

t Smart Calodste Calulate Polyines  Update C F Thin Part Mask from

I Expand  Polylnes from Part Polyines . Structure Object
; Tee | Cauat

Figure 31. Select the Boolean operation tool.

Minus (Subtraction): Where the Threshold value parameter equals the

Threshold value mask A parameter.

Intersection: Where the Lower threshold parameter is equal to the max
parameter (low mask A, low mask B)) and the Higher threshold parameter is
equal to the min parameter (high mask A, high mask B).

Union: Where the Lower threshold parameter equals the min parameter (low
mask A, low mask B). and the Higher threshold parameter equals the max
parameter (high mask A, high mask B).

7. INFERIOR ALVEOLAR NERVE SEGMENTATION (MIMICS TRAINING).
You will use this session only when you need nerve segmentation to view the nerve

for position and create a cut in the bone.

7.1.Separate:

If you need to separate the bones, first you will need to perform the 6.3 parts in this

document.

7.2.Draw / Manipulate nerve:

You should generally add points through the mandibular nerve canal from the sagittal
view. It is not necessary to place too many points because the program creates an
irregular shape. Once you have the 3D visualization it is possible to modify the

location of the points
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Figure 32. Add point through the mandibular nerve.

Finally, in the nerve simulation part, select convert to STL and save to patient folder

to import them into the 3Matic file.

STL+ - Mask/Part/CAD and nerve/FEA meth selection

arts | Analyss Objects | Resice Objects | Soft sssue

Tr.. Trenm
5 Meckm

Figure 33. Export nerve as STL file.
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