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Risk Level Medical Device Examples

Low-Risk Surgical retractors / tongue
depressors

Low-moderate |Hypodermic Needles /

Risk suction
equipment

Moderate Risk | Lung ventilator / orthopedic
implants

High Risk Heart Valve / Implantable

defibrillator




US FDA 73 #igsE8M (Taiwan TFDA)

Class I: simple, low risk devices
General control to ensure safety and effectiveness
Mostly exempt from Premarket Notification [510(k)]

Class II: more complex, moderate risk devices

General control and Special control

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

Class III: most complex, highest risk devices
General control
Premarket Approval (PMA) = Safety & Effectiveness



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

Forward
Engineering

Product

Production

ID : Industrial design
IMM : Injection mould machine
QA : Quality assurance

Reverse
Engineering



CAD/CAM clinical application

Clinical Test




3C(CAD/CAM/CAE)

% Mo 243K 3 (Computer Aided Design, CAD)
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3C (CAD/CAM/CAE)

% i B4 2% 2 (Computer Aided Design, CAD)
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3C (CAD/CAM/CAE)
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3C (CAD/CAM/CAE)
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CAD/CAM clinical application
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3C (CAD/CAM/CAE)
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3C (CAD/CAM/CAE)
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T | -

-
£ 3
=
&
oL
=
e
A
—
o B
-
-
.
1

decay under

Y
2
VRSN F
TS T

h

OD & Prosthetic Endodontic



Moderate/High Risk Medical Devices
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3C/3R (CAD/CAM/CAE, RE/RP/RT)
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Computer aided engineering (CAE)

Biological and engineering aspects are suitable but
N difficult to evaluate by experimental techniques

limited information

stress, strain, energy, etc.

variation within samples

size, age, biochemical, morphologic, etc.




Computer Aided Engineering (CAE)

<7 "ow 2+ 1 42 (Computer Aided Engineering, CAE)
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“Computer aided engineering (CAE)
—

® Fundamental concepts in FEM
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!‘Computer Aided Engineering (CAE)
-

m Pre-processing
Geometry |
Mesh (Element type) '\ W
Materials \
Boundary and loading conditions

m Solution

m Post-processing
Present the results by graphs...
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E general applications
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Computer aided engineering (CAE)

Computer Aided Engineering
CAE (Finite Element Method)

N

Finite Element Method (FEM)

FEM is suitable theoretically for any structure

Qirregular geometry

O inhomogeneity, anisotropy material properties

O complex loading

Powerful analytical tool in biomechanics
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‘ 3D modeling for biological structure
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modeling for biological structure
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C.L. Lin, J.C. Wang*, S.T. Chen, “Evaluation of stress induced of implant type and number of
splinted teeth in different periodontal supported tooth-implant supported FPDs: a nonlinear finite
element analysis”, Journal of Periodontology, Vol. 81, pp.121-130, 2010.
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Non linear analysis

m Material property

Non-homogeneous, anisotropic
Viscous-elastic, Hyperelastic (PDL)

m PDL

Authors Elastic modulus (MPa) Poisson’s 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

% Yaw 24 4 47 (Computer Aided Engineering, CAE)

Materials

Nonlinear material property
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CAE-material

=7>
\wﬂg X

S

X
=

2\
N7
&5

Hyper Max Dis
Normal Max Dis

Displacement & stress
MAEBRKEER




T R Y
A A AR umrv oA
RreNE e b

SRSy e
RN ROCE ey

A AVAVAVAYA =4 vt s s A2
N O
\/ VAVAVAVAVA A Ay Ly 2o
nﬁ“ﬂ“ﬂﬂ%ﬁﬂ%@“ﬁi?

e v e A

R .»i,n»qh«'lPAWAPKA. WA&?WMW AVANWHA
mﬁpsmiah VAT ==
L7 G IS

AN

ith experiments

Easy to do, hard to do well!
Validation w

43



I
0 7%

A

B ()
o M (FH)
anll | _» & AR




Tﬁgﬁ e vr‘!(?

e UM EBAELEEA I T RAEIRT RS
.4171%%;3%,@9&&4?%91 c(FEE)
o A1 T4 G LB HEARNEIE

! °

b 4

-
=
—-—
—
-
—
—
-
- -
-
-
—




Tooth Replacement with Dental Implants
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Dental Implant

Feature classification

Surgical classification
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placement

-
-
-
-




Success rate & factors Immediate placement 80%

Traditional placement 95%
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Nobel Straumann Innovations Densply Astra Tech
Biocare (ITI) (31) (Frialit-2)  (Astra)
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Summary of Current Medical Device Premarket Review Processes

I
Country Premarket Requirements Recognized Standards
Review
Documentation
PERE BRER =R ER e 4ERI/STED BEEEERMIRBIRE
RN E R ER e EE R
United 510(k) Substantial Equivalence/FDA Special | FDA Recognized
States PMA Controls Standards
STED Pilot PMA+QS Inspection
Essential Principles
EU+EFTA Technical File AIMD/MDD/IVDD Essential Principles | Harmonized Standards
Review Annex II: Full QS
Australia GHTF MD STED Essential Principles TGA Recognized
GHTF IVD STED Standards
Canada Technical File Essential Principles Health Canada
STED (IlT & IV) Recognized Standards
Japan BERGBSEREE | BEEKSELRNZE G (Essential RN A 2 2
STED (IIT & 1V) Requirements) HGOEAE
BEkGSEEEE
JIS
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Dental Implant Approval by FDA

Mew Search

Dewice Classification Hame
510{K} Humber

Dewice Name

Criginal Applicant

Original Contact

Regulation Humber
Classification Product Code
Subsequent Product Code
Date Received

Decision Date

Decision

Classificaticn Adwvisory Commi
Rewiew Adwvisory Committee
Summary

Type

Rewiewed By Third Party
Expedited Rewiew
Combination Product

Back To Search Results

Implant, Endosseous, Root-Form

K122664
ZUIGA DENTAL IMPLANT SYSTEM

1
ZUGA MEDICAL, INC. -
P.0. Box 506 =
Chesterland, OH 44028 2141 —
—
Karen E Warden, Phd i
2722840 :
DZE =
=3
NHA, =
—_ =
08/31/2012
Substantially Equivalent {SE) I 1 plece 2 plece 3 plecE
|
Dental New Search Back To Search Results
Summary
. Device implant, Endosseous, Root-Form
Traditional
Mo Regulation Description Endosseous dental mplant
No Regulation Medical Specialty Dental
No Review Panel Dental
Product Code DZE
Submission Type 10(k)
Regulation Number
Device Class
Total Product Life Cycle (TPLC) Product Code Report
GMP Exempt? No
* IS0 10993-14 First edition 2001-11.15 | & n of | dey - Part 14
ntl n n of
* 50 14301 Second edtion 2007-11-15 Dentistry-implants-Dynamic fatigue test for
endossecys dental implants
* ISO 7405 Second edition 2008-12-15 Dentistry - Evaluation of biocompatibiity of medical
gevices used in dentisiry
* ASTM F2024-10 Standar r ffr 0 n of nten
Plasma-Soraved Hydroxyapatte Coatings
¥ AAMVANSISO 10993-14:2001/(R) 2011 Bological evaluation of medical devices - Part 14,




Dental Implant Approval by FDA

» Mechanical : ISO 14801

Biocompatibility : ISO 7405, ISO 10993
Coating : ASTM F2024-10,ASTM F1377-08
Forging : ISO 5832-2,ISO 5832-3,1S0O 5832-11
Ceramic : ISO 9693, ISO 10993-14

HE R PSR 2@ RS




Dental Implant Fatigue Test-1ISO14801

= Purpose : Life limitation

= Machine : Fit ISO 7500-1K I1SO 4965 (accuracy)
= Setup :
* Incline 30 degree
= Embedding material>3GPa
= Static test :
* Load : 1 min/mm
» Fatigue test :
= 80%,70%,60%,50%,40% of
Static fracture load
= Sine wave
= Frequency : 15 HZ
= Cycles : 5,000,000 cycles




Dental Implant Fatigue Test-1ISO14801

= Static testing
» Failure load (N)

Static test

Break on the
thread junction

Displacement (mm)

0.6 0.8 1.0 1.2

Load-displacement Fracture pattern 75



Dental Implant Fatigue Test-1ISO14801

° 1)
Between 80.9N to 809N/ 14309 21°C/71%

(Between 445Nmm to 11156 22°C /1 70%
4450Nmm )

15765 22°C /1 70%
24446 22°C/ 709
Between 70.8N to 708N/ &
(Between 389Nmm to 27809 22°C/70%
4N
SN ) 22065 22°C 1 70%
S 0
Between 60.7N to 607N/ 91839 AT
(Between 334Nmm to 112279 26°C / 59%
Sl 92904 28°C | 57%
2987597 28° 7.5%
Between 50.6N to 506N/ 98759 IO
(Between 278Nmm to 4188494 27°C /1 58%
2SN ) 2062882 24°C | 60.5%
25° Y
Between 40.5N to 405N/ 5000000 (pass) RACHICS
(Between 223Nmm to 5000000 (pass) 21°C/ 58%
2228N
mm ) 5000000 (pass) 25°C | 58%




Dental Implant Fatigue Test-1ISO14801

» Fatigue testing
» Life-time figure

Load (N) Dynamic test
900

800

T00

. Breakon the
600 thread junction

500

% of max. load
400

% of max. load
300 % of max. load

%, of max. load
200
% of max. load
100
5000000
0]

10000 100000 1000000
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1ISO14801—static test (6 cycles)

S5—hix AR E=hR
 Abutment €1 Abutment E1 Abutment |

Abutment Screw Abutment Screw Abutment Screw
AT N AT =

=5 7T Al

1. fixture R E 4@ ¥ A9mm

SEHAR

1B FEIMER3.A5mmiIEg NI E3.6mm -
2. HHAMR AR EE - 1INl 2 A
LENMIEFREW)) -

"

1.3&EMabutmentfE S EE 201 -

2. Babutment/fixtureiZ & @ N E%E
AZ1mm (BlfixtureBmorse taper#
R = EIMEO.I5mm - OJfF
abutment@ ~#8) -
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3C/3R (CAD/CAM/CAE, RE/RP/RT)

Forward
Engineering

Product

Production

ID : Industrial design
IMM : Injection mould machine
QA : Quality assurance

Reverse
Engineering



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

Forward
Engineering

Product

Production

ID : Industrial design
IMM : Injection mould machine
QA : Quality assurance

Reverse
Engineering



‘1 3R

m Reverse Engineering




3R (RE/RP/RT)

—

s 5w 1 42 (Reverse Engineering)




3R (RE/RP/RT)

% i+ 1 f#(Reverse Engineering)
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- 1 (Laser scanner, CT (f‘iif‘ 5)
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U RE

m 3D geometry/shape measuring
Laser, CCD, CT, Micro-CT, Dental-CT

CCD Camera

CCD Camera




RP build process

Vectored Jet Modelin l X-Y Motic;n
(Droplet Size - .003 w?Nw

Planer Mechanism
'® —

Overhang

Object Model
Support

Build Substrate —

Build Table !
Z — Motion



3R (RE/RP/RT)

—

s -1 = 75 (Rapid prototype)

B313D% 3 > #EaAstli > A4 41t —> RPRgE S

< P-i¢ $-2 (Rapid Tooling)

Rde® 3l > R @K BT > N



videoplayback_OK.avi
videoplayback_OK.avi
rt-new.mpg
rt-new.mpg

3R (RE/RP/RT) clinical application
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RT slicone molding process

Remove Master Pattern

Cast Urathane Remove Part Remove Gating



3R (RE/RP/RT) clinical application

% RE/RP/RTZ Te/k & *

W HRTH i+
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Reverse engineering (RE)

m Amira software :
3D morphology reconstruction [g

2nd slice

31th slice

implant design




“ Rapid prototype (RP)




“-Rapid tooling (RT)
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