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·3C (CAD \CAE\CAM)

ƁComputer Aided Design

ƁComputer Aided Engineering

ƁComputer Aided Manufacture

·Dental Implant Introduction

·Medical Device Regulations for Implant
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2010 3,920 30,140 5,905 24,235

2011 4,047 33,865 6,857 27,008

2012 3,592 32,821 7,057 25,764

2013 3,827 35,705 8,079 27,626

2014 3,605 37,967 8,952 29,015

2015 3,743 40,579 9,678 30,901

2016 3,818 43,328 10,329 32,999

2017 3,940 46,797 11,203 35,594

2018 3,985 45,890 11,172 34,718

2019 3,770 45,839 11,332 34,507

2010 2019 10 2
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2010 662 (24 )
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Ǜ 56.8% vs. 3.3%
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http://law.moj.gov.tw/LawClass/LawContentIf.aspx?PCODE=L0030054
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US FDA (Taiwan TFDA)

ºClass I: simple, low risk devices

·General control to ensure safety and effectiveness

·Mostly exempt from Premarket Notification [510(k)]

ºClass II: more complex, moderate risk devices

·General control and Special control

·Require 510(k) Ą Substantial Equivalence (as safe 
and effective as legally marketed device, SE )

ºClass III: most complex, highest risk devices 

·General control

·Premarket Approval (PMA) Ą Safety & Effectiveness
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CAD

CAM Clinical Test

Low risk medical device development
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3C/3R (CAD/CAM/CAE, RE/RP/RT)

Design

Sample

CAD

RE

CAM

CAE

RP RT

IMM

PSM

Product CMM

ID : Industrial design                                 MMA : Mold manufacturing & analysis

IMM : Injection mould machine             PSM: Pressing/shearing machine

QA: Quality assurance

Forward 
Engineering

Reverse  
Engineering



3C (CAD/CAM/CAE)

× ᵗ (Computer Aided Design, CAD)
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CAD/CAM clinical application
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CAD/CAM clinical application



3C(CAD/CAM/CAE)

× ᵗ (Computer Aided Design, CAD)

2DϮ Џ
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Ą њ נ) )Ἠ (AutoCAD)





3C (CAD/CAM/CAE)

× ᵗ (Computer Aided Design, CAD)

Ą ӣ о ᴩ (Pro/EngineeringȳSolidworks)
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3C (CAD/CAM/CAE)
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3C (CAD/CAM/CAE)

× ᵗ (Computer Aided Design, CAD)
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3C (CAD/CAM/CAE)

Џẓ

× ᵗ CAM (Computer Aided Design)

×CNCṞ ᶩȳ ֥й‹ (3, 4, 5, 6 )ȳ ⇔



3C (CAD/CAM/CAE)

× ᵗ CAM

×CEREC (CAD/CAM)

醫工概論97/teacher-s.mpg
nc_path.avi


Dental Biomechanics

Bone loss

Fracture

OD & Prosthetic Endodontic

Dental implant

Orthodontic mini screw



3C/3R (CAD/CAM/CAE, RE/RP/RT)

Design

Sample

CAD

RE

CAM

CAE

RP RT

IMM

PSM

Product CMM

ID : Industrial design                                 MMA : Mold manufacturing & analysis

IMM : Injection mouldmachine             PSM: Pressing/shearing machine

QA: Quality assurance

Forward 
Engineering

Reverse  
Engineering



Computer Aided Engineering (CAE)

× ᵗЏ (Computer Aided Engineering, CAE)
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Analytical analysis Experimental approach



Â Fundamental concepts in FEM 

Â ᾼᾬ − ᵓӣ Ϛᾼ иѠ ה

ȲḆ ᾎ ᵓḖẔ έ (analytical solution)

Â צ а ᾎᾼ ╥ ᾼ ᴶҵ₤ᾼ

ᾬ й כ ֵ ᾼ ᴶᶮᾭ ПⱢа

(element)

Â а а ѿɶ ɷ(node) ד

Â Ӧὑа ╥ ᾼ ᴶᶮᾭȲҠ ᵓ ҏа

ᾼϩӂ Ѡ ṳḖה ϱП ᴯȳ ц ϩ

Â Ӧв ᾎḖ а вԉ ᾼ ᴯȳ ц ϩ

Element

Node

Computer aided engineering (CAE)



Â Pre-processing

Â Geometry

Â Mesh (Element type)

Â Materials

Â Boundary and loading conditions 

Â Solution

Â Post -processing

Â Present the results by graphsé

F

Computer Aided Engineering (CAE)



(a)

(b)

(c)



CAE general applications

× ᵗЏ (Computer Aided Engineering, CAE)
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Computer aided engineering (CAE)

·Computer Aided Engineering

ƁCAE (Finite Element Method)

·Finite Element Method (FEM)

ƁFEM is suitable theoretically for any structure

irregular geometry

inhomogeneity , anisotropy material properties

complex loading

ƁPowerful analytical tool in biomechanics
Frialit -2

Butt joint
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3D modeling for biological structure

W.D.



3C

ÂForward Engineering

CAD CAE CAM

engine.avi
flow.avi
mold_open.avi


CAE key factors

× ᵗиέ (Computer Aided Engineering, CAE)

Loads

GeometryMaterials

LingualBuccal

100N
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3D modeling for biological structure
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3D modeling for biological structure

W.D.
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3D modeling for biological structure

C.L. Lin, J.C. Wang*, S.T. Chen, ñEvaluation of stress induced of implant type and number of 
splinted teeth in different periodontal supported tooth -implant supported FPDs: a nonlinear finite 
element analysisò, Journal of Periodontology, Vol. 81, pp.121-130, 2010.



CAE key factors

× ᵗиέ (Computer Aided Engineering, CAE)

Loads

GeometryMaterials

LingualBuccal

100N



Non linear analysis

Â Material property

Â Non -homogeneous, anisotropic

Â Viscous -elastic, ,Hyperelastic (PDL)

Â PDL

Authors Elastic modulus (MPa) Poissonôs ratio

Vollmer 0.05/0.22 0.3

Andersen 0.07/0.8-68.9/13.8 0.49/0.3-0.45/0.49

Yettram 0.18 0.49

Tanne 0.67 0.49

Williams 1.5/100 0-0.45

Korioth 2.5-3.2 0.45

Farah 6.9 0.45

Takahashi 9.8 0.45

Ree 50 0.49

Cook 68.9 0.49

Ko 68.9 0.45

Atmaram 171.6 0.45

Thresher 1379 0.45

Goel 1750 0.49



CAE-material 

× ᵗиέ (Computer Aided Engineering, CAE)

Materials
Nonlinear material property

PDL

Material property simulation



× ᵗиέ (Computer Aided Engineering, CAE)

Materials

CAE-material 
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Validation with experiments

Easy to do, hard to do well!
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