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Guidance for Industry and FDA Staff
Class Il Special Controls Guidance Document: Root-form
Endosseous Dental Implants and Endosseous Dental
Implant Abutments

1. Introduction

This guidance document was developed as a special control guidance to support the
reclassification of the root-form endosseous dental implant device into class I and the
reclassification of the endosseous dental implant abutment device into class I1. FDA is
issuing this guidance in conjunction with a Federal Register notice announcing the final
rule reclassifving these device types. Blade-form endosseous dental implants will remain
in class 111 and are not within the scope of this guidance.

Root-form endosseous dental implant devices are characterized by four geometrically
distinct types: basket, screw, solid cylinder, and hollow cyvlinder. The root-form
endosseous dental implant device refers to the fixture that is surgically implanted into the
patient’s bone. The root-form endosseous dental implant device is intended to be
surgically placed in the bone of the upper or lower jaw arches to provide support for
prosthetic devices, such as an artificial tooth, in order to restore the patient’s chewing

function.

seAmseIuasmaniginmaiiiueuaiasdeurmdiuanssunguiaadelumedaonsan 8o
Useneudmugiuuylaun
- Root-form Endosseous Dental Implants
- Endosseous Dental Implant Abutments
- Blade-form endosseous dental implants
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#1i: DEMTAL DEWVICES
§ 0713 M3 - Encopseous dental implaml abuimen
§ 072 1542 - Encorisous cental implarn

SUBCHAFTER H--MEDICRL DEVICES
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part U=--yFrosthetic Deviced

E calFFiiication. Claae II (special LB} . 1The guidans documsnt entitled "Class II
Special Conzrols Suidance Document: Roscs=For= Endsssecus Dental Implants and Endossecus
Dental IEsplant RbUcssents™ will sarve A8 the spesial coatrol. [(Bee 272.1(e) for the
Availabhility of this guidance dAscaEent.)

[6% FR 26304, May 12, 2004]

A) Idsntification. AN sndossecus SeEntal Aizplant ADOEEEONT L8 A premancfactared prosthetic
companent direstly ssnmested che andzssecus deatal isplant And i85 intended for dee &3 an
Aid in prostheric rehabilicaTicn.
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FART 872 == DENTIAL DIVICER

Subpazs D-=Frosthatac Devices

Sez. §72.56840 Endoewscus denztal isplint.

al Tdapesifimpeian. An sndoasescs dantal implant is 4 prescription device =ade of a =atarial
soch aF Titenium or titenicE alloy chas i incended o b surgically placed in the bome of
she uppaz or lowes jew azches o provide support for prosthatlc dawvices, such ay arsificial
caath, in order To rescors & patisnt's chewing funstiosn.

(Bl Classificatiss. (1) Class II (special consrols). The device is classifisd as claam II if
it im & Doot-for= andosawcus dantal implant. The Doot-Dors sndossecus dantal implant i
characcarized by four gecmetrically distinst typed: Basket, scoew, solid eylindsz, and
hellew cylindes. The guidascs documsnt entitled “Clams II Special Concrels Guidance
Doozmant: Root=Torm Endossecus Dental Impleancs and Endossecus Dental Isplant Abotments™ will
sarve A3 the spacial centzel. (Ses 073.lial Zor the svailabilizy of chis guidance document.
2] Clagsification. Class II (special comzralal. The devics i class:ified as class II if iz
i & blade=fcrm andonsecus dantal i=plans. Tha special conszols foz chis davice azwe:

il The dssign characteristics of the device =ust scwure that the geceecry and =scezial
sempagiticn ADe consistent with the intendsd ape;

it} Machanical parformance (facigos) Testing undsr simmlsced physiclogical conditions =mo
demcostzate maxi=u= load (enduozsnce limit) when the device is sabjected T cospressive and
ghaar loads;

iti]l Corrosion Testing undsr sisulsced physiclegical condizicns To demORSTTATE COETOALON
pocanzial of sach =etal o alley, cocuple potential foz an assesbled dispizilazr =atal i=zplant
gyaces, and =srresiom rate far am assesbled digppimilar mamal i=plant sysces)

i) The device =ust be deschstrated o be biccompatible;

w] Szazilizy tasting must damcnstzate the sterilizy of the devieoa:

wil Farfor=ance Testing To eviluate the coopatibilivy of the device in & EagOetic T&FODAnCE
MRl snvizonmenz:

wiil Labalirmg musr incluods & clear deseripmicn of the cechnological Ssatuores, how the
devics should ba aeed 1o patiants, detaliled Firgicel protosel and Destonaticn poocedures,
relsvant poecaoticns and warnings based on the =linical use of the device, and
qualificecions and Training requiresancs for davica users including cechnicisns and
eliniciane:

wiill Fatisnmz labaling =ust comtain & descripticn of how the devics works, how cthe device
ip placed, hew the patisnt meeds To cars for the implame, possibls adverss avents and Bew =8
TEpOrT MDY complications; and

i) Documanted clinical sxparisnce =ust dexonstzate mafe and effsctive use and caprTure any
adverss svencs chserved during slimi=al use.

[€5 TR 26304, Mwy 12, 2004, an xoended at 75 FR 34€25, June 18, 2014]
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dmiinmmamdgoeim awmismnussnaizoudmidtmauamafuushdmiu
filnaums umageEmnTIiuasS i isssn s wauazn (Guidance for Indusiy and FDA
Staff Class I Special Controls Guidance Document : Root-form Endosseous Dental Implants
and Endossecus Dental Implants Abutments) 1o ld¥nszduniandvizsssinfuidion
(Endosseous Dental Implants) Wa¥Endosseous Dental Implants Abutments 1hwiasflowwm
W Class Il Special Controls 8imsemIuAsn UL sumemaRuuaiosiawmd iy
3 Classes 1WA Class 1 I:m*mlﬂ.mﬁ*lqn} Class T (frsidenluinang) uazClass T (PN
Faga) mﬁnﬂnmwuﬁsmaﬁ!am‘-‘mﬂﬁuu..-ﬁﬂm'ﬁmﬁtﬂnﬂmmﬁmﬁﬁﬂﬁﬁnﬁuﬁiwdn
gurmuaritanmmdslnedasimmereuguiss@nmisfius(Endosseous Dental Implants)
uAt Endosseous Dental Implants Abutments Atii

#714M 1 MIudnIRisk and Mitigation Measures for Root-Form Endosseous Dental Implants

Inadequate function of device failure | Material Composition
(mobility, loss of integrity)

Machanical Properties
Implant to Abutment Compatibility

Corrosion Testing

Damage to existing dentition Machanical Properties
Modified Surfacees Information

Clinical Studies

Infection (local and systemic, including | Comosion Testing
bacterial endocarditis) Modified Surf Ini o

Clinical Studies




Injury during surgery, perforation (sinus, | Modified Surfacees Information

alveclar plates), post-surgical parathesia Clinical Studies

#1919f 2 MIudNY Risk and Mitigation Measures for Endosseous Dental Implant Abutments

Inadequate function (incompatibility) Implant to Abutment Compatibility

Device failure (mobility, loss of integrity) | Material Composition
Machanical Properties
Implant o Abutment Compatibility

Corrosion Testing

Damage to existing dentition Machanical Properties
Implant to Abutment Compatibility
Maodified Surfacees Information

Clinical Studies

= i
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snfumasmadssiulasiuavnansiugUnacifinam Siluieethmaden s10k dosstine
Finemsimadsiislsldathnem desmmmiuisduiandbmedaunmdiduds
fulafia nezan wssdlaahimuduszarammun ssdmaemaussnamiganin sl
fimmbzduemauiiildmeianmessiasfien 18 biccompatibility of the materials ) 41
l.'ﬂ'.ﬂﬂﬂ"ll-ﬂ-ﬂﬂ'lj'luﬂ'lﬂﬁ 1S0-10993 (International Standard Organization (ISO) standard 1SO-
10893, Biological Evaluation of Medical Devices Part 1: Evaluation and Testing) $amann1%ii



Toentalu /i sdiungudanildsosdanusatu siawaniaageiu memdmsnumsing ¥
wwerh N1 e v Tag MR T§ 1% 1SO 7405:1997 Dentistry - Preclinical Evaluation of
Biocompatibility of Medical Devices Used in Dentistry - Test Methods for Dental Materials
muiiirgaysbseiFneenuuliludnmilmowingunmmadaimiasuugonm das
dardimmesauMimnssmemadnusseznmmadudaiulsin nwen wadiadehime
mafihimpisn sevoaiianSrulauRaufouiueisdowmdmaduifomaron

S Posopersive Complatons
- anesthesia or paresthesia, temporary of permanent
- mandibular fracture
- significant loss of alveolar ridge height, as specified in the protocol
- oteomyelitis, oral-antral, or oral-nasal fistula
- adjacent teeth adversely affected by implant placement
- abnormal or prolonged pain after insertion as described in protocol
- infection related to implant placement
- failure o maintain adequate oral hygiene.
Sy (Adverso Rooctions and Compications)
+ infection
- implant loss prior to loading
- implant breakage
- loss of loaded implants
- pain
- altered sensation

- temporomandibular joint problems
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e (Risk) vanuemarh mamaaiu (Combination) 1aslamaunmadfia

Harm(probability of occurrence of harm) m.‘:quuuﬂ'lumnﬁn Harm (severity of that harm)
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(5) malszifue s (Risk Evaluation)
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Weileaswin dmsmadiuasemdssvgniisin uuiadayemm Awsereidu
muanBuaidulimasnasym 1SO 149712007 42 5

(6) memuANATAEEe (Risk Control)
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Y nﬂﬂnmmlﬁmmﬁﬁﬂlq’hm (Evaluation of overall residual risk
acceptability)

maUssiiunanssaniylevesns 1mﬁlm'i‘imﬁaaﬁ'[muﬂu (Evaluation of overall residual risk
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MTEMIIL AW IR ALY (Risk Management Report) WeRRoinaiinmLymunTsumm Tees
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9) SouAMINARUALMAIMSHAR (Production and post-production information)

HOYANTINARUREMAINTINEM (Production and post-production information) WHANIEADIVAYT

|-. | -. [ %] J il r.l- i ik 1
mmmmuﬂmnnmaqﬂmmmmmamaumﬂumnmmﬁnmuﬁmﬁ&mmummuﬂ
WfiSwlymasnesgu 10 149712007 90 9
MANWIN

Twrsdun idublmasnesym 1SO 14971:2007 Annex A - Annex J

-NANUIN A (informative) Rationale for requirements

-NwEWIN B (informative) Owverview of the risk management process for medical devices
-FHUIN C (informative) Questions that can be used to identify medical device
characteristics that could impact on safety

-MANWIN D (informative) Risk concepts applied to medical devices

-nwEWIN E (informative) Examples of hazards, foreseeable sequences of events and
hazardous situations

-NWHWIN F (informative) Risk management plan

-NPHWIN G (informative) Information on risk management techniques

-nwHWIN H (informative) Guidance on risk management for in vitro diagnostic medical
devices

-NAHWIN 1 (informative) Guidance on risk analysis process for biological hazards
-maEuIn J (informative) Information for safety and information about residual risk



mnunaineer i
L Risk Analysis
{1} Intended use and identification of characteristics related to the safety of the medical
device
(2) Identification of hazards
(3} Estimation of the risks for each hazardous situation
II. Risk Evaluation
I Risk Control t#iuri
(1) Risk reduction
(2) Risk control option analysis
(3) Implementation of risk control measure(s)
(4) Residual risk evaluation
(5) Risk/Benefit analysis
(6) Risk arising from risk control measures
(7} Completeness of risk control
IV Evaluation of overall residual risk acceptability
V. Risk management report

V1. Production and post-production information



I Risk analysis

+ Intended use and
identification of
characterisiics related to the
safety of the medical device

+ |dentification of hazards

* Estimalion of the risk(s) for
each hazardous situation

Risk assessment

ISk CON

« Risk control option
analysis

¢ Implemantation of risk
control measure(s)

+ Residual nsk evaluaion

+ Risk/benefit analysis

* Risks arising from risk
control measures

* Completenass of risk
control

w
Risk management
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marimemeEaIsATIY (Hazard identification) gkRedipsusmmeasBuetoymvosdefidu
BuwTl (Hazard) ﬂmﬁnmuﬂﬁﬁuwmﬁuﬂﬂu (Hazard identification ]Hmmﬁaﬁﬂuﬂﬂﬁﬁﬂu
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relates to the safety of medical device) laumsssmamudssssnamnanaolfusamennausona
v 34 Sadwinthitlel (o Annex C asnesg 1SO 14971:2007)

lunsdetosfiowmdffidnenennly usspuunslifedoafiuniosiowmdildly
Tepuussiogamaiensienaudoiliud dudnmnsminbyamalemsioudsmeusisaie
i hiammamamiam sneuntmRaronld
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sumgmaiesrmy fasnsdemiuwisslowmd et dudedosimasmmmsciide
{Hinduni1n (hazardous situation) wavduRTIBTAiATY (Harm) Simiwdassdiunaadsean
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4.4 natsndiweuidusfindelagsaaniowsn (Evaluation of overall residual risk acceptability)
ﬁnﬁnﬁ&:ﬁmnﬁ;ﬂuﬁmﬂﬁuﬁ'ﬂmmﬁuﬁmnﬁmm s gimetiansmanlan|458
mindinemnaEadieminasmudsfindalarrn fiiuninildosliiunueiirmn (criteria
of risk acceptability)
45 Sevnermmatanaeies (Risk management report)
ogudnlfieafunsnumsiameernades guindarmhussrpinemimsanmeasdes
Tonathaibuasdosimimenuiinannavinaasuiirissiawmdsaannse i wiswan e
Sumstuduhiedodlawmddmanimmamuemudnsunssangromane
4.6 FeyanMARUATHAINTINGR (Production and post-production information)
wamnEART ineanmugriammaua Hufnsedeafiumumiatbyarine i faya post
market surveillance #149 uwazasARslimIUMUAaEsITuTe Wolummmesauhiimmaes
Suamy (hazardain Faduvdall wiormuduiliumsmupudimaio: wisdadl@umemumu
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MRS MEEBIMIiRsUTY (Hazard) AanmodudulaainnsSimumausomeses IS0
149712007 Inudmenisdmuanpuinlifinudnsuessnnisflawmdffinadannulaondy o
$77M 34 ¥8 291131990 Annex C ¥a%a Questions that can be used to identify medical devices
characteristics that could impact on safety Toufimuasduessil

ﬂ'mlda NTIWARN Questions that can be used to identify medical devices characteristics that could
impact on safety

F0 flwan
1 | What is the intended use and how is the medical device o
b used 7

2 | Is the medical device intended to be Implanted?

3 | Is the medical device intended to be in contact with the
patient or other persons?

4 | What materials or components are utilized in the medical
device or are used with, or are in contact with, the medical

device 7

5 | Is energy delivered to or extracted from the patient 7




FTNH

Are substances delivered to or extzacted from the patient 7

Are biological materials processed by the medical device
for subsequent re-use, transfusion or transplantation 7

Is the medical device supplied sterile or intended to be
sterilized by the user, or are other microbiological controls
applicable ?

Is the medical device intended to be routinely cleaned and
disinfected by the user 7

10

Is the medical device intended to modify the patient

environment 7

11

Are measurements taken ?

12

Is the medical device interpretative 7

13

Is the medical device intended for use in conjunction with
other medical devices, medicines or other medical
technologies ?

14

Are there unwanted outputs of energy or substances 7

15

Is the medical device susceptible to environmental
influences 7

16

Does the medical device influence the environment ?

17

Are there essential consumables or accessories associated
with the medical device 7

18

Is maintenance or calibration necessary ?

19

Does the medical device contain software ?

Does the medical device have a restricted shelf-life ?

Are there any delayed or long-term use effect 7

To what mechanical forces will the medical device be
subjected 7

What determines the lifetime of the medical device ?

4

Is the medical device intended for single use ?

b

Is safe decommissioning or disposal of the medical device
necessary?

Does installation or use of the medical device require
special training or spectal skills?




gy

How will information for safe use be provided 7

8

Will new manufacturing processes need to be established
or introduced ?

Is successful application of the medical device critically
dependent on human factors such as the user interface ?

Can the user interface design features contribute to use

grror ¢

Is the medical device used in an environment where

distractions can cause use emor?

293

Does the medical device have connecting parts of

accessories 7

’d 4

Does the medical device have a control interface 7

9.5

Does the medical device display information ?

P9 6

Is the medical device controlled by a menu ?

a7

Will the medical device be used by persons with special
needs 7

B

Can the user interface be use to initiate user actions 7

Does the medical device use an alarm system ?

31

In what way(s) might the medical device be deliberately
misused 7

&3

Does the medical device hold data critical to patient care 7

Is the medical device intended to be mobile or portable ?

b

Does the use of the medical device depend on essential
performance 7
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Hazardous situation WAE harm Iﬂﬂ'Lﬁmgﬁ Initiating events and circumstances UstnaunTs
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mﬁﬂmwnﬁuqﬁhwm sequence of event) H‘l‘lﬁﬂmﬁm

situation WAT harm)

Hazard Foresesable sequence of events Hazardous situation Harm
Blectromagnetic |(1) Electrode cable uninientionally plugged | Line voltage appears on Sernious burms
ENENgy into power ne neceplacie | edecirodes

Death
Chermical {1) Incomplete cleaning of volatie solvent | Development of gas bubbles | Gas emboksms
(Volatile sobvent) used in manutacturing in the blood stream during ;
) dalyse Brain damage
(2) Sobvent residue convers 1o gas at body
lemperatne Death
Bigiogical (1) Inadequale insiructions provided lor Bactena released inlo Bacterial infection 31
(Mecrobial decontaminating re-used anaesthesa | airway of patient during e
nalion) o : Death
{2) Contaminated fubing used during
anagsthess
Eleciromagneic |(1) Elecirostaically charged patient Failure 10 dediver insulin | Minor ongan damage
energy (ESD) iouches infusion pump unknown 1o patient wath
(2) ESD causes pump and pump alarms to | SEvated blood glucose level | o ousness
.- Coma, death
(3) Insulin not defivered io patient
Funcion {1) Implantable defibritator baftery reaches | Device cannol defiver Death
(Mo output) the end of its useful e defiteilation shock when an
@ iately long T arrhythmia occurs
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Qualitative severity levels
Negligible Moderate Significant
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Qualitative severity levels
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Category of Aefney AR
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RISk PRIORITY NUMBER — RISK RANKING

Occurrence (7) Severity (5)

Scale | to 10 Scale 1 to 10

| |
!
OCCURRENCE X SEVERITY (35)

1

Risk Priority Number (RPN|

Range | to 100

o 24 omsanonin s sk Prorty Number-Risk Ranking

https://www.slideshare.net/nealda74/is014971-medical-device-risk-

manage ment-class-sin gapore

| 8



Risk management according fo 150 14971
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: Reference:Annex A.26.2 Annex A 184 IS0 1458712007
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EXAMPLES OF RISKE CONTROL VERIFICATION
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RELATIONSHIP OF Risk EVALUATION, RISk CONTROL & VERIFICATION
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wmIpumMIedsuTIMM iy
asdmIamnIuaznavigiinaiiueuariasausmffuansaungsimndalumadaunTia
senaudit Root-form Endosseous Dental Implants, Endosseous Dental Implant Abutments was Blade-
form endosseous dental implants lnuldomizmedumbdmiumagaamnrmuasinanudimiif
BIAMTEMTIUALEN @igaim “Class Il Special Controls Guidance Document: Root-form Endosseous
Dental Implants and Endosseous Dental Implant Abutments” 12 [ifluunamaufdialdd iy
winsflownmdvuanssungainadalumadaunssanldun root-form endosseous dental implant wae
endosseous dental implant abutment device lnsdanmunuluszilicass I Fadumsmhdnaoiuly
w7l Blade-form endosseous dental implants Ssgndamsmuesibised dlass
umqmmmmnﬁﬁm%mmaﬁmﬁﬂunﬁninanwiﬁﬂ’}aaﬁaumr.ﬂ.uﬂu
Fusnmsgudayafiuansfimasaenudsmaneiaelowm Wi

(i} The design characteristics of the device must ensure that the geometry and material
composition are consistent with the intended use:

(ii) Mechanical performance (fatigue) testing under simulated physiclogical conditions to
demonstrate maximum load (endurance limit) when the device is subjected to compressive and shear
loads;

(iii} Comrosion testing under simulated physiological conditions to demonstrate corrosion
potential of each metal or alloy, couple potential for an assembled dissimilar metal implant system,
and comosion rate for an assembled dissimilar metal implant system;

{iv) The device must be demonstrated to be biocompatible;

(v) Sterility testing must demonstrate the sterility of the device;

(vi) Performance testing to evaluate the compatibility of the device in a magnetic resonance
(ME) environment;

(vii) Labeling must include a clear description of the technological features, how the device
should be used in patients, detailed surgical protocol and restoration procedures, relevant precautions
and wamings based on the clinical use of the device, and qualifications and taining requirements
for device users including technicians and clinicians;

(viii) Patient labeling must contain a description of how the device works, how the device is
placed, how the patient needs to care for the implant, possible adverse events and how to report any
complications; and

(ix) Documented clinical experience must demonstrate safe and effective use and capture any
adverse events observed during clinical use.
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[ALL CONTENT CONTAINED WITHIN BRACKETS SHALL BE REPLACED]

1. PURPOSE

The purpose of the Risk Management Plan protocol is to define the risk management
activities planned dunng the product development process for INSERT PRODUCT].

2. SCOPE

The scope of the risk management plan relates to the activities and documentation
pertaining to the product risks. The scope of risk management is limited to [INSERT
PRODUCT], its interface with other products and components, and use during [LIST
TYPE OF USE] procedures.



3. RESPONSIBILITY

RA/QA

Establishing and maintaining risk management
documentation

Project Team

Participating in risk management activities

Project Manager

Assuring that all risks are identified, documented and
mitigated to an acceptable level

Obtaining Executive Management approval for risk
management activities

Maintaining the Risk Management File (RMF)

Executive Management

Approval of Risk Management Plan

4. BACKGROUND

[Provide a brief background on the product. Include Intended use statement.
Intended use shall describe how the device is used, overview of procedure /
application, who uses the device, duration of use, interfaces, etc. Background shall
also include information on foreseeable misuse, characteristics that could impact
safety, and any defined limits of the products.]

5. REVISION HISTORY

Rev#  Date

Description CO No.

6. RISK MANAGEMENT PLAN

The risk management activities coincide with the product development and design
control process (refer Design & Development Procedure and Risk Management

Procedure).

Table 1 - Risk Management Deliverables by Project Phase

Planning * Risk Management Plan
Design and Development |« System Risk Analysis (hazard identification)
* System Risk Evaluation
* Risk Assessment (product & process)
Design Verification = Risk Control
= Residual Risk Acceptance
Design Validation * Risk Management Report




Market Release * Production & Post-Production Risk Management
= Revised Risk Management Report

Risk management deliverables are reviewed and approved during design reviews for
each project phase. S0 14971:2007 [AND/OR EN 14971:2012 FOR DEVICES
ENTERING EUROPE] shall be used for instructions and as guidelines during risk
management documentation. Refer 1o Risk Management Procedure for the company
process.

Risk is defined as the combination of occurrence of harm and the severity of that
harm. In order to estimate risks of hazardous situations relating to [INSERT
PRODUCT FAMILY], severity of harm and probability of occurrence of harm are
estimated according to the tables below.

Table 2 - Severity Table

Critical Loss of limb; life-threatening injury

Major Severe, long-term injury; potential disability

Short-term injury or impairment requiring additional

Sefous medical intervention to correct (e.g. reoperation) “;

Ml Slight customer inconvenience; little to no effect on o
product performance, non-vital fault

Negligible Mo or negligible risk to patient

Table 3 - Probability Tables

Frequent 1in 100

Probable 1in 1,000

Occasional 1in 10,000

Remote 1 in 100,000

Improbable 1in 1,000,000 =

Risk level is defermined based on probability and severity estimates.



Table 4 - Risk Estimation

Frequent HIGH

Probable MEDIUM

Occasional MEDIUM

Remote LOW

Improbabile

Negligible Minor Serious Maijor Critical

Risks for [INSERT PRODUCT] are identified as LOW, MEDIUM, or HIGH.
Risks in the [LIST ACCEPTABLE RISK LEVEL(S)] shall be acceptable.

Risks in the [LIST ACCEPTABLE RISK LEVEL(S)] are unacceptable and require
risk reduction.
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Abstract.

An adequate Risk management system for manufacturing medical devices -
orthopaedic and dentistry implants - is critical due to sensitive nature of these devices.
The main goal of this research is to apply a risk management system based on
International Organization for Standardization (I50) 14971 to Medbone® Medical
Devices, an orthopaedic medical devices manufacturer. The Whole Life Cycle Risk
Management model is the framework for risk analysis and management that was used
to guarantee that acquired knowledee and expertise are always present in the process.
The risks were classified with a top-down approach as global risks and elemental risks.
The elemental risks arising from the production and usage of the product, according
to 150 14971 were identified. A Risk Matrix shows the characteristics of the risks their
allocation Probability of Occurrence, Impact and Risk Severity of Harm.The analysis
showed that risks with a High level of Severity of Harm were the following: from the
responsibility of the Government: Inflation, Will of Government and Licences and
authorisation from Regulatory Agencies; from the responsibility of the Manufacturer:
Price variations, payment and from the doctor not Single Usage of the product and
from the patient subdue the product to mechanical loads. Afterwards, risk control
measures were considered and applied to the company, As a result of the appropriate
control measures some risks can be mitigated or even extinguished, including risks
related to the handling/usage of the product by the patient, helping the product to
achieve its main goal: to heal the patient and give them a better quality of life. In
conclusion, medical companies usually have a ¢eneric risk plan, but that sometimes
overlooks important risks over the entire industry value chain. In addition, feedback
from doctors is critical regarding the conception and production of new products.

Keywords: medical devices, risk analysis, risk management, risk matrix, whole life cycle

risk management model.



1 Intreduction

The increased number of bone fractures as a result of accidents and
degenerative bone diseases, is a stimulating factor for studying the risk factors in the
life cycle of materials, for orthopaedic applications and dentistry usage henceforth
referred as ‘medical devices'. These products are absorbed by the organism and offer
advantages over the natural bone such as lower price, lower risk of disease
transmission and preservation for five years without requiring refrigeration.|SO 14971
Medical devices — Application of risk management to medical devices states that “the
manufacturer shall establish, document, and maintain throughout the lifecycle an on-
going process for identifying hazards associated with a medical device, estimating and
evaluating associated risks, controlling these risks and monitoring the effectiveness of
controls and shall include: risk analysis, risk evaluation, risk control and production and
post production information”. According to Braddon (2008), the biggest mistake found
in risk management of medical devices is the view of risk assessment as an
afterthought, or forget about it after production. Medical devices companies must have
exigent an Risk Management systermn, since their products are directly related with
people’s health and wellness. This paper outlines the risks involved in the life cycle
of orthopaedic implants based on the case study analysis of the manufacturer
Medbone® Medical Devices for bone implant - orthopaedic, maxillofacial and
veterinary usages. The analysis is based on the whole life cycle risk management
model (WLCRM) based on 150 14971 of medical implants. The WLCRM (Lemos et al,
2001a) provides an adequate framework, because it undertakes a systemic and iterative
analysis and management of risk taking into account all stakeholders, the whole life
cycle and knowledee management systems. Risk Matrixes of Global and Elemental
Risks were constructed.

2. Methods

I50 31000 defines: “risk is the effect of uncertainty on objectives”. Risk is
neither positive nor negative but the consequences that will affect the organization
rmay vary from loss and detriment to gain and benefit (Keey, 2003).The WLCRM (Exhibit



1) is a dynamic and iterative model, where the knowledge gained from experience is
incorporated in subsequent intra- and inter-project risk analyses. It includes three
steps: Risk Analysis, Risk Management, lteration throughout the life cycle and
Knowledee Management

Risk Analysis articulates three steps: risk identification, assessment and estimation:

« Risk Identification, is the systematic process for detecting and validating all risks
and/or sources of risk. It produces a comprehensive list of risks classified in Global -
Those that affect the market and Elemental those that are specific of the
praject/company.

Exhibit 1. Whole Life Cycle Risk Management
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+ Risk Assessment describes and quantifies the variables subject to risk and

uncertainty.

+ Risk Estimation that calculates the probabilities of occurrence of each event
and their impact.

+ Risk Management is the approach used for dealing with risk. It establishes an
appropriate framework with a specific set of goals and objectives. It recognizes

selects and implements appropriate actions to control risks.

The outcome after these phases are Risk Matrixes of Global and Elemental
Risks, that include their Allocation, Probability and Impact listed as Severity of
Harm, and the appropriate Control measures. The risk mitigation/control
measures include the analysis of control options, their implementation, the
identification of the residual risk and the check of the completeness of risk

control measures,

» = Continuous iterative process throughout the whole-life cycle - systematic
project risk management’ is a concept introduced by Kahkonen and Huowil
(1996). Their model accentuate that the different phases in Risk Management
provide only a framework and that must include a system of Continuous control,

accumulation of experiences and know-how'.

» - Knowledge Management Integration- Managing knowledee assures that all
relevant data - structured elements from databases and unstructured data such
as heuristics - is transmitted throughout the organisation and fed into new
projects. It improves decision-making by valuing intellectual assets, encouraging

collaboration and sharing of knowledge and rehashing knowledge and expertise.
3. Whole Life Cycle Risk Management of Medbone® Medical Devices - Case Study

Medbone® Medical Devices Ltd started in 2008 in Portugal and its mission is
to produce innovative and high quality implants by providing the medical professionals

with tools to improve the living conditions of their patients. They use innovative



technology and the implants made of absorbable biomaterials are used both in the
national and international market, for orthopaedic and dentistry implant surgeries.
They have unigue properties that make them similar to natural bone, which allows a
better quality of life. Medbone® markets two products designed for the filling of bone
voids or defects: adbone®TCP and adbone®BCP in the form of granules, cylinders and
wedees. adbone®TCP is a porous synthetic ceramic that contains 99.9% tricalcium
phosphate (TCP). Due to its macroporosity, the product has an excellent
ostecintegration as well as a total vascularisation of the implant due to the
interconnected porosity. It is a highly bicactive product and during the healing process,
new bone replaces the implant. adbone®BCP is also a porous synthetic ceramic that
contains calcium phosphate, It consists of a mixture of TCP and hydroxyapatite (Hap).
Since TCP is more soluble than Hap, this biphasic composition enhances the ceramic
resorption, which allows an optimal resorption rate compatible with the physiology of
the bone cells. Medbone®, created partnerships with other businesses, science and
technology institutions, suppliers and hospitals.They won several awards such as
Young Entrepreneur Award 2012, Medal of Honour from Cascais, BES Inovacao, DNA
Cascais and Engineer College.

Medbone® is certified by 150 9001:2008 that documents the requirements of
quality management systems and 150 13485:2003 that represents the requirements
for a comprehensive management system for the design and manufacture of medical
devices. It follows the risk management system based on 150 14971. Also, Medbone®
has the certification of the United Kinedom Accreditation Service (UKAS).

3.1 Products’ Life Cycle
The major phases in the life cycle of Medbone's medical devices are:

Conception and development - it establishes the scientific principles upon which a
device is based. The concept and the adequacy of design, construction and testing

require the scrutiny of scientific experts to ensure that desien parameters and



performance characteristics do not impose unwarranted risks as the more complex the
device is, the higher the risk of user error;

Manufacture - The production and packaging of adbone®BCP and adbone®TCP is
done in a clean room class 6, divided into three rooms: production room, packaging
room, and clothing room;

Packaging and labelling - This process consists in placing the product in individual bags.
In the case of eranules, these are first weighed. Previously labelled, the blisters are
tageed with markers for the presence of gamma rays. These markers are yellow and
only after being submitted to gamma rays will change colour, to red. 5. This
identification is used to monitor the correct sterilization of the product. The blisters
are boxed together with the labels of the patient's record and the product’s
Informations for Use (IFU). The box is sealed with the aid of a lareer label and placed
a marker for the presence of gamma rays to facilitate the quality control of the
sterilization process,

Sterilization - The final package goes to the warehouse of not sterile products and
from there head to the sterilization process accomplished in a UK based company.
After sterilization, the package is inspected for correct sterilization and damages.
Medbone® sterilizes its products in its double wrapping by eamma radiation at the
minimum dose of 25 kGy;

Distribution, Advertising and 5ale - The qualified distributers buy the products from
Medbone® in order to sell them to orthopaedic doctors, dentists or veterinaries;
Usage - users of medical devices can have a deep effect on their safety and effective
performance. Unfamiliarity with a certain technology or operating procedure, and the
use of products for clinical indications outside the scope of those specified in the
labelling, can cause device failure even in the absence of any inherent design or
manufacturing defects. The re-use of disposable devices contrary to the
manufacturer’s instructions, and without proper control or precautions for minimizing
associated risks, can be dangerous. The lack of or inappropriate calibration and

maintenance of medical devices can seriously prejudice their safety and performance;



» Disposal - disposal of certain types of devices should follow explicit and rigorous safety

rules (Kamm, 2005).

3.2 Results

This Section presents the Risk Matrixes of Medbone® Medical Devices: Global affecting the

whole industry - (Table 2) and Elemental related only to the company (Table 3). They

indicate for each risk their main characteristics, the specific hazard, the allocation of each

risk to the stakeholder that is best able to manage it, the probability of occurrence and

Severity Harm (SH) based on Table 1, and the respective proposed control measures.

Table 1 - Severity of Harm for Risk Matrix (Verzuh, 2000).
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The sources are: extensive bibliographic research, interviews to experts and to the CEO of the

company, the empiric knowledee acquired during a two-year intemnship in Medbone, and

Annex C of 150 14971- Medical devices -Application of risk management to medical devices

3.2.1 Global Risks

Economical and Financial:

Inflation - High SH - the rise in the general level of prices of eoods and services over a period

in an economy. Inflation is a major risk that the products carry, throughout its production

years; Interest rate — Medium SH - rate paid by a borrower for the use of money that they
borrow from a lender. It changes depending on the Euribor rates;




Foreign currency - Low SH-The exchange rate changes every day and businesses must
consider this when exporting products and importing raw material; Control Measures - updated
information.

Table 2 - Global Risks Matrix - Medbone® Medical Devices
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Human:

Culture-Medium SH - when exporting to different countries, one has to consider the different
cultures around the world. Depending on the country and culture with which it is working, the
approach must be different;

Ethics-Low SH - elaboration of a code of ethics that all the employees know and respect;
Values/Beliefs-Low SH - this risk deals with the beliefs and values of different people who
inhabit the same country or share the same culture. Often older people have more difficulty
accepting innovative treatments and products;

Risk profiles-Low SH - there are people who are natural players, called pro risk, that like to
take risks while others, and risk adverse people, that do not like to risk in new products and

new treatments;



Control Measures - monitor customers, both doctors and patients, to know in which profile
they fit as well as their culture in order to know the best approach for them and never
disrespect their culture.

Political and Regulatory:

Will of government-High SH - every law of every country greatly depends of those who are in
charge. Chaneges in power may affect companies, its management, and its employees;
Regulatory Agencies-High SH- INFARMED-Autoridade Nacional do Medicamento e Produtos de
Saide, imposes a set of obligations and procedures to clinical investigation and performance
aevaluation, classification, boundary demarcation, conformity assessment, placing on market
registration and notification, acquisition and utilization as well as market surveillance. It is very
important that medical device marketing and publicity are regulated in order to prevent
distortion of the medical device's goal and its performance;

Labour regulation-Medium SH - labour law is the body of laws, administrative rulings, and
precedents, which address the legal richts of, and restrictions on, working people and their
organizations. As such, it mediates many aspects of the relationship between trade unions,
employers and employees;

Control Measures - updated information about new laws, government decisions and
regulatory agendies, not only from the company”s home country but also from the customers'
countries.

Commercial:

Demand-Medium SH - if there is excessive demand for the products there is the risk of ending
the stock analysis of the sales and decide if the products need more and/or different
promotion;

Price variations-High SH, there may be variations in market price, which directly affect the
price of the products since, if competitors have changed the price, the company must follow
the market price. There is also the possibility that prices for each customer are different,
depending on the ordered quantity and the risk of possible complaints from customers who
pay more but order smaller quantities;

Payment risk-High SH - the risk of payment by customers has always been a big risk. The
payment risk is increasing, especially with the economic crisis existing nowadays;



Control Measures — analysis of the evolution of sales and payment deadlines. If the sales
decrease, what are the reasons, check any price variations in the market,

Force Majeure:

Wars—Medium SH - a country in war has always the possibility of serious disruption and there
are some things that can affect the production like power failure ;

Natural Disasters-Medium SH - natural disasters are unpredictable and its consequences such
as flooding can destroy the factory and thus affect the production;

Control Measures emergency plan, appointment of a security officer.

3.2.2 Global Risks

Table 3 - Elemental Risks Matrix - Medbone® Medical Devices.
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Risk profiles—| ow SH - there are people who are natural players, called pro risk, that like to
take risks while others,and risk adverse people, that do not like to risk in new products and
new treatments;

Control Measures - monitor customers, both doctors and patients, to know in which profile
they fit as well as their culture in order to know the best approach for them and never
disrespect their culture.

Political and Regulatory:



Will of government-High SH - every law of every country greatly depends of those who are in
charge. Changes in power may affect companies, its management, and its employees;
Regulatory Agencies-High SH - INFARMED-Autoridade Nacional do Medicamento e Produtos de
Satde, imposes a set of obligations and procedures to clinical investigation and performance
evaluation, classification, boundary demarcation, conformity assessment, placing on market
registration and notification, acquisition and utilization as well as market surveillance. It is very
important that medical device marketing and publicity are regulated in order to prevent
distortion of the medical device's goal and its performance;

Labour regulation-Medium SH - labour law is the body of laws, administrative rulings, and
precedents, which address the legal rights of, and restrictions on, working people and their
organizations. As such, it mediates many aspects of the relationship between trade unions,
employers and employees;

Control Measures - updated information about new laws, government decisions and
regulatory agencies, not only from the company's home country but also from the customers’
countries.

Commercial:

Demand-Medium SH - if there is excessive demand for the products there is the risk of ending
the stock analysis of the sales and decide if the products need more and/or different
promotion;

Price variations-High SH, there may be variations in market price, which directly affect the
price of the products since, if competitors have changed the price, the company must follow
the market price. There is also the possibility that prices for each customer are different,
depending on the ordered quantity and the risk of possible complaints from customers who
pay more but order smaller quantities;

Payment risk-High SH - the risk of payment by customers has always been a big risk. The
payment risk is increasing, especially with the economic crisis existing nowadays;

Control Measures - analysis of the evolution of sales and payment deadlines. If the sales
decrease, what are the reasons, check any price variations in the market.

Force Majeure:



Wars-Medium SH - a country in war has always the possibility of serious disruption and there
are some things that can affect the production like power failure ;

Natural Disasters-Medium 5H - natural disasters are unpredictable and its consequences such
as flooding can destroy the factory and thus affect the production;

Control Measures emergency plan, appointment of a security officer.

Production Risks:

IFU translation-Low SH - the comect translation of the IFU is extrernely important, as it is the
main source of information for the doctor. The IFU is translated in 28 languages, but if these
translations are not well done, there is a risk the doctor does not understand all the
instructions for proper use of the product, which could have serious consequences;

Control Measures - to control the document needs to be retranslated to confirm the comrect
translation;

Labels with wrong information-Low SH - there are three types of labels: those found on the
box, those in the vial or blister and those for the patient’s records. They all contain the
product information: lot, reference number and expiration date. If any of this information is
incorrect, there is the risk of misuse of the product;

Inadequate sterilization-Medium SH - Sterilization is the total elimination of microbial life. It
defends the body from a possible infection, and consequently of diseases that in severe cases
may even lead to death. Although wvery improbable risk, this event could have catastrophic
COnsequences;

Control Measures - the sterilization company emits a certificate that the manufacturer has to
confirm the dosage and the procedures;

Quality of raw material-Medium SH - the raw material used is hydroxyapatite and tricalcium
phosphate and its quality is very important for the proper characteristics of the product. The
supplier must test them to obtain the best possible quality;

Control Measures The company must test the raw material before use:

Vials unsealed-low SH - A well-sealed package and sterile is vital for those medical devices;
Control Measures - good welding machine;



Blister unsealed-Low SH - the vials and the pouch that contain the product are placed in
blisters, and individually sealed. They share the same risk as the vials, the risk of an inadequate
sterilization;

Raw material transportation-Low SH - the raw material is transported from the supplier to the
factory by plane and van;

Control Measures - Set up a transportation checklist that confirms the conditions of the driver
and of the van.Review of internal non-conformities or complaints by customers.

Operation and Maintenance:

Operation and Maintenance Costs—High SH - Medbone® has high maintenance costs, and most
the devices in the clean room require regular validation. The calibration of all the machineries
has to be done by their manufacturer at least once a year. When medical devices are correctly
packaged they create little risk to individuals handling them, even if the medical device is bio
hazardous. Well-designed packaging systems are very important in delivering clean, sterile and
protected medical devices to the last user;

Control Measures - maonitor if there are stops in the production line, checking if there is any
problems in the production line and its machinery. Medbone® has an emergency operation

plan in place so that the workers know all the security measures and the steps they need to

follow if there is an emergency;

- with the fast

development of technology, there are always new and better appliances appearing, it is
necessary to always seek and obtain the latest technology -

Control Measures - Medbone® knows if their technology is obsolescent if, when analysing the
response time to customers, they conclude that it is inappropriate and that customers wait
too long to receive the product. When there is not enough stock to supply customers, the
company has to analyse their technology and to study if they are using the most efficient
technology and production line;

Control Measures - Medbone® the R&D department studies and gets all the information about
new technology releases to update the company’s machinery if needed;

Latent defects—L ow SH - when a medical device fails during active use, the latent defect often
turns out to be a structural flaw such as an intermal crack, delamination or void. To avoid such



failures, manufacturers may want to look for these types of defects at an early stage—during
development of the device or on a sampling basis during production.

Usage Risks:

End of product’s expiration date-Medium SH - the products have an expiration date of five
years. At Medbone® there is always an inspection of the products in stock and its expiration
date. However, in clinics and hospitals, doctors may not do the same monitoring;

Control Measures - the company can implement a measure that impedes the selling of
products with less than two years of expiration date,

Products' transportation-Low SH - the products are transported from the manufacturer to the
doctor by plane and/or van. One of the hazards of a medical device is shipping;

Control Measures - transportation checklist that confirms the conditions of the driver and of
the van ;

Incorrect application — Medium SH - all professionals that use the product for the first time
must be trained by the manufacturer or by a qualified distributor since although it is an easy
and normal surgical technique of bone reconstruction or bone repair, it can only be used by
an authorized health professional to performn bone reconstruction surgeries;

Control Measures - training the manufacturer, or the qualified distributor;
Infection-Medium SH - although the risk is very low since the products are properly sterilized;
Control Measures - test and confirmation of the certificate given by the sterilization company;
Choice of product-Low SH - the doctor always has the last word on the product that is used
in surgery. However, the patient can always show his preference;

Mot single use-High SH - The re-use of disposable devices contrary to the manufacturer’s
instructions, and without proper control or precautions for minimizing associated risks, can be
dangerous as the product looses sterilization;

Subdue the product to mechanical loads-High SH - the products cannot be subdued to
mechanical loads, higher than the ones that the normal bone can handle;

Implant into infectious site — Low SH - the product cannot be implanted in an infectious site;

Lack of hygiene -Medium SH - if the patient does not have a proper hygiene, there is a high
risk of infection;



Control Measures - inform the doctor and the patient that the patient must have a proper
hygiene to control the risk of infection. Users of medical devices can have a deep effect on
their safety and effective performance. Unfamiliarity with a certain technology or operating
procedure, and the use of products for clinical indications outside the scope of those specified
in the labelling, can cause device failure even in the absence of any inherent design or
manufacturing defects. The lack of or inappropriate calibration and maintenance of medical
devices can seriously prejudice their safety and performance;

Control Measures - correct information to doctors and the patients.

Post-Market Risks:

Eroblems with other similar products-Medium SH - Medbone® has to study the market and
pay attention to warnings from INFARMED and other entities to keep informed about any
existing problems with other products with the same composition and with products with the
same intended use;

Side effects-Medium SH - Medbone has to know if any of them had any side effect to study
the reasons and prevent any other occurrences;

Control Measures - keep track of the patients, through feedback from the doctors. It is vital
to know if there was any side effects and if there was, to study it, find the reason, correct it
and if need take all the measures to remove the lot out of the market.

4. Discussion

In conclusion, from the analysis of Table 2 and 3, the risks classified as High SH require effective
control measures and are: Inflation; Operation and Maintenance Cost; Will of Government;
Regulatory agencies; Price variations; Payrnent risk; Not sinele use; Subdue the product to
mechanical loads. if adequate control measures are in place it is possible to mitigate and
manage the risks identified in Medbone®.

5. Conclusion

This research was based on a wide bibliographic research and applied to the case study of
the orthopaedic medical devices manufacturer Medbone® Medical Devices.Since risk is part
of everyday life it is of the major importance that companies has a proper way to manage risk
in order to mitigate it and if possible extinguish it. Considering this fact, it is essential that all

companies have an appropriate risk management.



The risk plan should be implemented with the help of a specific department, formed by
specialized staff working closely with the board of directors, executives, workers, clients, and
all stakeholders and always de informed about ¢lobal economic situation, political changes
and the position of the company and its main competitors in the market.The majority of
companies have a very wide risk plan, sometimes overlooking details that can be important
to control and occasionally trust too much in their suppliers and do not audit if they have or
apply a proper nsk plan.Risk planning must be an iterative process and both the risk
department and company executives must be committed to implement as-you-go control
measures It is important that medical companies strictly follow all the rules and standards,
imposed by proper governmental organisms and also have a special and closer relation with
universities and hospitals. Feedback from doctors is also important to the conception and
production of new products, according to their needs.An adequate Risk Management plan
must never allow for an exception, mainly relatively to the risks identified as

‘High’ in the Risk Matrix (Table 2 and 3) like economic risks (inflation), market price variations,
payment risk and usage risks that are found to be adequately mitigated if proper control
measures are put in place.

With this work, all the risks related to Medbone® Medical Devices and its products were
identified. They were classified with a top-down approach as elobal risks and elemental risks.
In the elemental risks, the risks arising from the production and wusage of the product,
according to 150 14971 were identified. Afterwards, risk control measures were developed and
applied to the company, which showed that the Risk Management plan was effective. From
the controlled risks, some are reduced and some were extinguished with the appropriate
control measures including risks important to mitigate related to the handling/usage of the
product by the patient, helping the product to achieve its main goal: to heal the patient and
to give him/her a better quality of life. Besides helping Medbone® Medical Devices with its
Risk Management plan, this work revealed the extreme importance of a proper Risk
Management system, especially in a manufacturer of medical devices.
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Risk Management of the New One Piece Dental Implant
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Abstract. Risk management is the identification, evaluation, and prioritization of risks followed by
coordinated and economical application of resources to reduce and control the probability and
impact of unfortunate events or to maximize the realization of opportunities. For medical products
sold in the European Union, EN 150 14971 gives tools and methods for manufacturers to analyze and
manage the risks associated with their products. This study discusses a new one piece dental implant
based on IS0 14971 to optimize the safety and performance of the new design.

Keywords: risk analysis, risk management, one piece dental implant, 15014971.

1. Introduction

The two piece dental implant was developed to be utilized in two step treatment. The 78
implant is implanted into the bone level after raising a soft tissue flap, which is used to cover the
implant during healing. When the implant and jawbone have fused together, a new flap is raised and
a transmucosal abutment is screwed onto the implant to allow the prosthesis to be connected [1).
However, the two step procedure with a submerged healing period would not be essential. Implants
can be placed with an immediate prosthetic loading protocol without compromising
osseointegration [2]-[4]. The one piece implant is designed for direct placement in fresh extraction
sockets. The surgical protocol for placement of this implant includes both flap and flapless
procedures. The flapless benefits are less post-operative bleeding, surgery time, healing time, and
more comfort for the patient [5], [6]. The inherently risky nature of medical products, especially
those that come into contact with critical systems, means that manufacturers must thoroughly
analyse their product risks against many factors. Risk management will help manufacturers identify
hazards, prevent misuse, and estimate the risks for each hazard to better control and minimize these

hazards [7).This study aims to show the result of risk management in our new developed one piece
dental implant.

2. Materials and Methods

The following section including text and diagram is directly referenced from IS0 14971 [8].
This standard mentions a process for a manufacturer to identify the hazards associated with medical
products, including in vitro diagnostic medical products, to evaluate the associated risks, to control
these risks, and to monitor the effectiveness of the controls. The requirements of this standard are
applicable to all stages of the lifecycle of a medical product. This standard does not apply to clinical
decision making or specify acceptable risk levels and requires that the manufacturer have a quality
management system in place. This process includes the four main elements of risk analysis, risk



evaluation, risk control, and production and postproduction information. A schematic
representation of the risk management process is shown in Figure 1. The individual elements of risk
management can have varying emphasis according to the specific life cycle phase. Additionally, risk
management activities can be performed iteratively or in multiple steps as appropriate to the
medical product.

2.1. Risk analysis

Risk analysis shall be performed for the particular medical product as described in step 2.1.1
to step 2.1.3. The implementation of the planned risk analysis activities and the results of the risk
analysis shall be recorded in the risk management file. In addition to the records required in step
2.1.1 to step 2.1.3, the documentation of the conduct and results of the risk analysis shall include at
least the following: a description and identification of the medical product that was analysed;
identification of the persons and organization who carried out the risk analysis; and scope and date
of the risk analysis.

2.1.1. Intended use and identification of characteristics related to the safety of the medical
product

Identify and document those qualitative and quantitative characteristics that could affect
the safety of the medical product and, where appropriate, their defined limits.

2.1.2. Identification of hazards

Compile documentation on known and foreseeable hazards associated with the medical
product in both normal and fault conditions. 79

2.1.3. Estimation of the risk(s) for each hazardous situation

Reasonably foreseeable sequences or combinations of events that can result in a hazardous
situation shall be considered and the resulting hazardous situations shall be recorded.

2.2, Risk evaluation

For each identified hazardous situation, the manufacturer shall decide, using the criteria
defined in the risk management plan, if risk reduction is required. If risk reduction is not required,
the requirements given in step 2.3.1 to step 2.3.5 do not apply for this hazardous situation (i.e.,
proceed to step 2.3.6).

2.3. Risk control

When risk reduction is required, risk control activities, as described in step 2.3.1 to step
2.3.6, shall be performed.

Z.3.1. Risk control option analysis

The manufacturer shall use one or more of the following risk control aptions in the priority
order listed: (a) inherent safety by design; (b) protective measures in the medical product itself or in
the manufacturing process; (c) information for safety.



2.3.2. Implementation of risk control measure(s)

The manufacturer shall implement the risk control measures selected in step 2.3.1.
Implementation of each risk control measure shall be verified. The effectiveness of the risk control
measures shall be verified.

2.3.3. Residual risk evaluation

After the risk control measures are applied, any residual risk shall be evaluated using the
criteria defined in the risk management plan. If the residual risk is not judged acceptable using these
criteria, further risk control measures shall be applied (see step 2.3.1). For residual risks that are
judged acceptable, the manufacturer shall decide which residual risks to disclose and what
information is necessary to include in the accompanying documents in order to disclose those
residual risks.

2.3.4. Risk/benefit analysis

If the residual risk is not judged acceptable using the criteria established in the risk
management plan and further risk control is not practicable, the manufacturer may gather and
review data and literature to determine if the medical benefits of the intended use outweigh the
residual risk. If this evidence does not support the conclusion that the medical benefits outweigh the
residual risk, then the risk remains unacceptable. If the medical benefits outweigh the residual risk,
then proceed to step 2.3.5. For risks that are demonstrated to be outweighed by the benefits, the
manufacturer shall decide which information for safety is necessary to disclose the residual risk.

2.3.5. Risks arising from risk control measures
80
The effects of the risk control measures shall be re-viewed with regard to: (a) the E

introduction of new hazards or hazardous situations; (b) whether the estimated risks for previously
identified hazardous situations are affected by the introduction of the risk control measures.

2.3.6. Completeness of risk control

Ensure that the risks from all identified hazardous situations have been considered.
Compliance is checked by inspection of the risk management file,

2.4. Production and post-production information

Establish, document and maintain a system to collect and review information about the
medical device or similar devices in the production and the post-production phases.
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Fig. 1: A schematic representation of the risk management process
3. Results and Discussion
3.1. Results

This study follows ISO 17971:2007 for risk assessment of the new one piece dental implant.
The process begins from identifying safety features, deciding impacts on safety and scoring the
probability (see Table 1) and qualitative severity levels (see Table 2).



Table 1: Example of semi-quantitative probability levels

Common lerms Example of probability range Scope
Frequent =107 5
Probable <10 and =107 4
Occasional <10%and =107 3
Remote <107and = 10" 2
Improbable <10 |
Table 2: Example of five qualitative severity levels

Common Lerms Possible descriplion Scope

Catastrophic Results in paticnt death 5

Cratscal Results in permanent impairment or life-threatening imgury 4

Bermiols Resulls in injury or impainmen] requanng professsonal modical intervenion 3

Mimor Results in lemporary injury oF impairmcnl nol requinng professional 2

medical mtervention
Neglgible Inconvenicnce or iemporary discomfort |

3.1.1. Questionnaire used to identify the new design characteristics that could impact on safety

Following ISO 14971:2007, the answers of the 40 detailed questions will be used to safety
assessment of the new design.

3.1.2. New design assessment Procedure

The assessment procedure entails: Defining the functional requirements of the dental
implant; simulating the failure mode in accordance with the functions; assessing its probability of
occurrence and severity; and performing risk control. The risk level is a function of the probability
and severity. User should maintain all risk levels to be under 9 points.

3.1.3. Identify failure modes and risk control functions of the new design

This new design is a pre-angled one piece dental implant. It can be directly implanted into
patent’s oral cavity. It provides support, bite and talk functions after fixating artificial crowns. It is
made of titanium alloy, with rough and fine thread on the root surface and etching and sandblasting
process treatment. This can accelerate the growth of new bone and allow growth and fixation of
gums on the implant. The pre-angle is designed for easy assembly with canine crowns. Tables 3 and

4 are the evaluation results of the functions in accordance with the requirements specifications for
risk analysis of the new design.



Table 3: Function failure of the one piece dental implant

Failure mode Fixed Function Posstioning Function Cover Function
Severity 3 3 3
Probability 3 3 3
Risk Level 9 9 g
Risk Thread size error Surface  Thread shape and number  Crown (it problem
Asscssmen] PrOCEss Program crmor
Risk Control Raise the lovel of quality  Raisc the level of quality  Raise the level of quality

control and the detection rate  control and the detection control and the detection rse
rale
Phase Manufacturing Manufactunng Manufactunng
Acceptable level of 3 3 3
resadual ok
3.2. Discussion

All potential hazards have been identified and analysed for risk analysis. The risk levels of
each hazard with unacceptable range (more than 9 points) have been remediated and lowered to an
acceptable range. The benefits of the new one piece dental implant would be greater than the risks
that may arise.

4.Conclusions

Artificial tooth implantation staff (dentists) require professional expertise, experience, education
and training. Implant designers should consider the safety and manufacturing technology of the E
industry. Moreover, the most important thing is to perform risk analysis, to control the residual
hazards risk under an acceptable range. The evaluator proceeds in these four stages: (1) identify
known hazards, estimate the risks arising from expected use or misuse; (2) minimize the risk by
safety design and manufacturing; (3) take appropriate steps to reduce the residual risk as much as
possible; (4) inform users of the residual risk.



Table 4: Equipment characteristics of the hazard sources

Failure mode { Implantation) Physwological suited of Incompatibility of the
(Side effects) paticnis biological maicrial
{ Complications ) Loss of clinical effective and
safety
Seventy 5 3 5
Probability 4 3 1
Risk Level 20 9 5

Risk Assessment  Surgery performed by a Afier implantation, probably The Sources of material
doctor; Each sicp should have loss the climcal effective ducand components should
a safety alert 1o help the to personal exercise habits  confirm
doctor 1o evaluate

Risk Control Doctors assess the nsk of the There arc a vanety of Matcnal propertics are
paticnt in by the instructions implant sizes, according 1o consistent with the
paticnt charactenistics, standard

carciully evaluate the types

of specifications
Phasc Surgical stage Usage phase Manufacturing phase
Acceptable levelof 5 3 b

residual risk
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RISK MANAGEMENT

FOR MEDICAL DEVICES

The purpose of this infographic and the IS0 14971
standard is to help med device manufacturers establish
a risk management process that they can use to:

= |dentify Hazards
=» Estimate And Evaluate Risks

= Develop, Implement And Monitor
The Effectiveness Of Risk Control Measure

RISK MANAGEMENT PROCESS OVERVIEW




1 Establish a risk management framework

[[1 Define your risk management process —>
(] Establish management roles and responsibilities %
[] Document your risk management plan @

'._'I-
[] Establish a living risk management file =

=N Specify intended use

|

Tl AN RN e

Understand and define the scope of your _@
device and document its intended use

&2 Identify hazards

l

Identify the potential sources of harm
associated with your product. &
These are known as hazards

Define harardous situations

and foreseeable sequences of events

Estimate risk of each hazardous situation Lalsl

i =

Risk is the combination of severity of
potential harm and probability of that -d
harm occuring
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8 Evaluate the risks identified

* Are these risk levels acceptable?
* |5 risk reduction required?

Risk Acceptability Matrix

Fr-guesrs

LN - -]

ProCabés

1 i T

Fii i gl -k e o B AT
] Pl Ln o el | o presiacd
= PR B L Tl

B=rm 8 78 Faip ot rmmme—a-n
e E o o S R ]

e e P s

g - ——

e

fIIIII
[

Terpman sy dem w@r,
e olada b

Corviiet

e ol
- AT Pl



| CE=Tp

Use Risk Contrals to reduce
risks to acceptable levels:
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8 Evaluation Of Overall Risk Acceptability

Evaluate risk of the product in its entirety.

« |5 the risk level acceptable?
« Do the benefits outweigh the potential risks?

® Risk Management Review

|

Carry out a risk management review
and prepare a risk management report
before sending your device to
commercial production.
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B Evoluation Of Overall Risk Acceptability

(8. Evauation Of Overa Risk Acceptabity

Evaluate risk of the product in its entirety.

« |Is the risk level acceptable?

« Do the benefits outweigh the potential risks?

8 Risk Management Report

Carry out a risk management review
and prepare a risk management report
before sending your device to
commercial production.

90 Production And Post-production Information

Internal audits, CAPAs, complaints, customer
feedback and non-conforming material
all ‘feed’ into the risk management process.

Risk management is a total product lifecycle
process.
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