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PREFACE

Many orthopedic devices are designeith modular ormultiple canponeng which are lockedtogether The
purpo® of this documentis to recanmend to the devicenanuacturer or sponsorf@ prenarket noffication (510k),
Investigational Device Exaption (IDE), PrenarketApproval (PMA) application, reclassification petitipand master
file; important infomation that should be provided to the FDA so that the Riill%be able todetemine the substantial
equivalence and safjetind effectiveness of devices that amade of separate parts, have nonarticulaitmerfaces
betveen mplant canponents and are asdgled ty themanufacturer or surgeon, e.g.:

morse taper in a feoral ball on stm;

threaded nut-bolt interface in a spinapiant;

crimping in a bone anchor;

lock and kg betveen porousnetal pads and hip ste and
interference fit beteen a bone sareand intranedullary rod.

This information includes rmportant issues and concerns, properties that should be evaluatewries of
possibé tes methods rationale/purpasof each test, pass/fail criteria gptcal results for each test, literature citation
and aformatfor organizing datéor submission to FIA.

The develoment of this guidance doment is based on an evaluatiorttw literatute andon the experiene of
the Orthopedic and Rehabilitation Devices Branch (ORDB) andrismply intended to b scientific position paper.
Thereforeit suggest same important evaluation criteria, test procedures, and end points that FDA feels are ynégessar
provide reasonable assurancesnibstantial equivalence and/ofedgand éf ectiveness fomodular orthopedic devices.
Although this guidane document contairs certan administrative requireents, it does not replace the requieats of
the 21 CFR 801 or 807 dne statie.

FDA may require infomation in addition tavhat is containeth this documert if circumstance requirit. In
other instances, the sponsmiay be able to sufficientl justify the amission of sme tests. Suggestios and
recanmendationgpresentd in this docunent are notnandatoy requirenents, but riect data ananethodologiesvhich
ORDB has detenined to be acceptabléherefore, thavords"should, "must” and "shall" are nat usel in a regulatory
sense and should not be construed as stlibley express FB's current feeling a® wha constitutesggoad scientific
decisionmaking.

The guidance docrent should be viged as a living docuent. As scientific knavledge changesand

scientific techniques arenproved, FDAwill revise the docment Nonethelessthe bast objectives will remain the
sane.

MATERIALS AND DESIGN DESCRIFION

Each part of each agponent of themplant gstem should be listed alongith the folloving information:

1 the nane d the canponent and each its parts;
2 a description bthefunction ¢ eachmajor desigrfeature
3 the namesof all other conponents and tissues that are expected to contact igonent

and theype of interface (i.e., articulating, fixedhating part, coating, tissue fixation);



4 the material canposition of each aoponent to include:

a thedocument number d ary previous suimission to FIA or other réerencewhich
fully characterized theaterial (e.g., anaster file, 510Kk, literature article);

b a brig description 6 the material or the nme am numbe of the voluntary
standard tha applies to the material (ay difference in the final product and the
requiranents in the referenced standamdst be itenized and justified);

c ary trade nanes for thematerials; and
d the nanes of establisinentswhich process thmaterial.
5 the major processig methodswhich detemine thematerial microstructure and hence, its

properties; and

6 details about the design (e.g., engineeringvithgs model numbers sizes photographs)
which should include the ball and liner design tolerancesvamdifacturilg variability for
interfaces.

STRENGTH, ASSEMBLY AND DISASSEMBLY

Static strengtimay detemine the load to fracture, defoation orthe relationshipbetveen assenbly load and
disassmbly load. Ameasure of the loads applied to the device tonatsiseanddisasseble componens may provide
information about the:

aprwpNE

ease bassenbly by the surgeon,

ease bdisassmably by the surgeon,

ease of inadvertent disassgy in the patient,

possibility of high induced stresses in the adlsied device, and
possible relationship beeen loosening and asdely loads.

DEVICE RIGIDITY

The long tem effectsof the device rigidity on bone should be addresséitbho much rigidity may cause stress
shielding(e.g, large ard stiffer intramedullary rod or hip sten) while too little rigidity may result in poor healing (e.g.,
greatermovement at an intéace ¢ amodular device cmpared to the $ee devicemade @ a solid bog).

STRESS ANALYSIS

High stresses leading tofdemation,fracture or increaseslear d the canponentamay be due to:

1.

2.

poor tolerances

inadequate instructions for attaetnt (e.g., excessive use of force);
local stress risers (e.g., corners);

themal expansion of parts during sterilization; and

thin cross-sections.



Thes paranetes may be evaluatedn a stres anal/siswith mechanical testing tpustify assumptionsmade in
the anasis.

FATIGUE PROPEHRIES

Cyclic fatigue testing should be considered if the deki@sthe same designasa predicaé device excepp for
differences in featureshich may affect the fatigue life. Whether evaluated separaielin a single test, &h wear,
corrosion andatigue propertiesfdhe device assably should be exained in ary test peformed,where possible.

CYCLIC WEAR, DEGRADATION AND CORROSION

Cyclic testing should be considered for a devwidech has the sae design as a predicate device except for
differences in featureshich may affect loosening, cracking, defoation, corrosion, degradatiamd wea at interfaces.
To simulate actual clinicaimechanisns asmuch as possibjehe following testmethal and measurenert paraneters
should be considered:

DEVICE CHARACTERIZATION

The dimensionsard tolerances thatvould be expected to result in the highest stresseswibest
case)must be tested.

Test sanplesmust be thdinal product to be shippéddr clinical use.

In addition to the infanation listed in the MAERIALS AND DESIGN DESCRPTION section of
this documents, the exact ogposition andmicrostructure othe substrat and ary modified surface
presenmmust be fuly characterized quantitatiyefrom a representative sple ofthe teg specimens.
The tolerancedor the anatsesmust be reported. Surfaces exposeavéar must also include the
following:

total number of plysically and/or chmically distinct surface ers;
thickness of eachyear;

drawing or photographs shwing the locations fothe modified sufaces on theniplant and
ary variation in themodified surface thickness; and

roughness.
TESTMETHODS

At lead three identical test speogns and three identical contratsst be tested.The number of
sanples depends on the standard deviation apddésirel levels of statisticd significane and
difference in results beten test and control spe@ns.

Polymer sanples should be presoaked until a syestate fluid absorption (detained ty weighing)
is approached (about 30yddor UHMWPE). Sanplesmust be stored and tedtim isolationwithin a
noncorrosive chanber.

Three polymer controlswhich are soaked as are thear speenens but notvear tested, should be
weigheal to corred¢ for ongoingfluid sorption ly the wear tested aoponents during thevear test.
The soak controls should be agitated aydically loaded (except for tangentigka motiong asare
thewear test speniens.



The volune and concentration of surrounding fluids shallhfz@ntainedduring testirg by avoiding
evaporation or preplacingwater loss.

Other test paraeters should also be included in thethodsif the in vitro resuls will more closely
duplicate the in vivo results.

Specimens mug be cyclically loaded in goint simulator or other appropriate instnentation. The
device orientation and loading profilaust smulatewors ca fretting motions cyclic stresseghree
body wear and corrosion/degradation enviremtwhich could occur during clinical use.

Interpretatio of the resuls may be simpler using a37 +- 1 C, aerated saline test solution having a pH
of 7.3 +- 05 (carbonat buffered) This is because saline leaves no deposits and the solution
composition does not changéth time. Ringer's or Hanks solutionsgy bette simulate physiologic
conditiors and may be appropriate if corrosion is not an issue, but control of theposition,
measurenents of surface deposits and interpretation of the reauksbemore stringent than Baline

is used. A 0.2% sodim azide or other suitabbntibiotic may alsobe used A 37 C temperatue is
preferred, though room temperaturemay be usedf this has neoeffecton mechaniss (e.g.,polymer
defomation or creep). Solution gerature and pHnugs be monitored throughot the test.
Accelerated testing (e.g., change impgerature, pH, &, electric potentialmust be validatedvith a

real time control.

The surfaces exposed to solution should be tive dar all spesghensand simulate corrosionasit
might occur clinical}y. Corrosion testing ofmodular devices requires that corrosion is induaed
appropriat interfaces andnat at the outersurface. It is not enough toerely pit the outer surface of
the materid becausehis doesnat represent the corrosion that occurs as a result of theegigaand
wear occurring at the crevice (BuckleC A.; et al. 1992).

Corrosiontest speenens should be electricglinsulated fron the test apparatus to avoid galvanic
corrosion €ects (Higo, Y..Tomita, Y. 1994, page 152).

MEASUREMENT'S

Wear particlesywearmarkings,material transfer and corrosion (e.g., pittietcheddendritc surface
structure, discoloration) should be quietl dter canponentsare disassenbled, ard before ard after
cleaning if necessar Material transfer thatay occurwhile assenbling or disassabling parts,prior
to fretting, should be taken into account (Bti, S.K.; Gilbertsonl..N. , page 123).

Roughnes and appropria¢ dimensions of each test spmein must bemeasured before and after
testing to assess the effectsvafar and defanation.

Weigh changs of devicecomponens shouldbe made if the test saples are mall enough copared
to the losses due twear and corrosion. 8gles shall be cleaned prito weighing as outlinedin
McKellop, H.A.; Lu, B.; Bewya, P.: 'Friction, Lubrication and Wear of Cobalt-Chiom, Alumina
and Zirconia Hip Prostheses @pared on a Joint Bulator. Trans.Orthop Res.Soc, pp. 401,
1992 The weightlossof eachwea component shall be adjusted for the changeeight of the soak
controls The room temperature and hmidity during weight measurenent shall be reportedThe
volume d wear debris shall be calculategldividing by the densit of thematerial.

Testmethods should be validate¢t bomparing in vitro results to_in vivo results tietemine if in
vitro testmethodsare realisticallyy simulatingwhat occurs in patients (e.g., three podekar). This
may be detemined by comparing wea particles of in vitro test saples to those of explanted devices
of similar design asvell as_in vivo and in vitrevear and corrosion rates.




After notingtheir location on all surfacesyear particles should heashed off mplant surfaces into
the test solution. A sanple of thewear particles should be characterized, themethl patrticles in
solution dissolvedwith an acid (e.g., HCI), and the totaketal content in the solution, including
particles,measured p AAS (atanic absorption spectroscgp(Kovacs, P.; eal. 1992) Care should
be taken to mmove all particles fro the test spemien surface ahto completely dissole particulate
or oxidizedmetal (Margevicius, R.W.; et al. 1989).

Complimentay methodsof monitoring fretting corrosionmay be used in addition to those listed
above. For exaple: fretting corrosion currentseasured duringyclic loading @ crackformation
andfatigue strengtlbefore andafter fretting.

BIOCOMPATIBILITY

Materialswith limited or no histoy of successful use in orthopedioplantsmust be deteninedto exhibit an
acceptable biological response equal or better than predicatéstantial} equivalentdeviceswhen testal by the
following methods:

ASTM F 748;
ASTM F 981; and

an anima implart modd in which particles are introduced into thenedullay canal (sinulating stem
micromotion). The stug should include histological em#nation of the:

1. adjacent tissues, and
2. regional ymph nodes.

CLINICAL DATA

All availabk clinical dag involving the modified surface described above should bersarized in a table.
This dat shouldinclude but is nat limited to infomation regarding loosening lvegen parts of the device and at the
bone-mplant interface, frank surface coating failure or other indications of success or failure.

MANUFACTURING

The manufacturing process of the final product and taspts mug be describedn enoudp detal to give a
clear understanding of the origin of significant differencesden the properties of currgntharketed devices.

REPORTING

To help FDA in its revie and facilitate a deteination of substantial equivalem@and/or safey and
effectiveness, a wvegrbrief sunmary of all information should be organized in the order vghoin pat VII.
ORGANIZATION OF RHEPORTED INFORMATION. Any additional andimportart information nat specifically
mentioned in the above guidance dmemt should be inserted into this organizatidrete appropriate Detailedtest
reportsfrom which the smmarized data originated should be organized inmilagi manner (asnuch as possibjeand
included in the suhission to FDA. The detailed reports should include, but are matdd to, the folleving:

1. Report title

2. Investigadrs' nanes

3. Faciliy Performing the test
Name
Address
Phone Nmber



4. Dates
Test initiation
Test canpletion
Final report conpletion
5. ORectives/Hpothesis
6. Test and control saples
Sample selection criterion
Design
Materials
Processig methods
Differences beteen test saples, control saples andnarketed device
7. Methods and Materials
Test satp sdematic or ghotograph
Description of grips or pottingnedium interfacingwith sanples
Test equiment calibration schedulmethods and data
Discussion bdependent, independent and uncontrolled variables, e.g.:
Test and control saple paraneters
Envirorment canposition, pH, volme, flow, temperature, replaceent
Electranagnetic fields, applied charge, irradiation
Load directions, pointsf @pplication ananagnitudes
Times (e.g. rate$requencies, maber d cycles)
Other
Rationale for choices of pareters, values, etc.
Methods of speaien exanination (e.g., failure angdis)
Statisticajjustification for the nmber of sanples
Chronological descriptionfdhe test procedures
Deviationsfrom referenced protocols and standards
8. Results
Time from manufacturing till testing aomences
Discussion bthe data and possiteechaniss
List of conclusions
Discussion bthe objective/fipothesis
Simplifications and assuptions and their clinicahiplications
9. Appendices
Experimental data
Calculations
Bibliograpty of all references pertinent to the report



ORGANIZATION OF REPOHRED INFORMATION

PROPERY CONCERNS ORSSUES POSSBLE TESTING

1.STRENGTH, 1.EASE CF ASSEMBLY LOAD VS DEFLECTION TOFAILURE
ASSEMALY & 2.EASE (F DISASSEMBLY FOR VARIOUSASSBVIBLY LOADS
DISASSBVIBLY 3.DISASSEMAELY IN THE PATIENT

4.HIGH INDUCED STRESSES (8)
5L O0SENING (# 3)
6.FRACTURE & DEFORMATION

2.DEVICE RIGIDITY

HIGH RIGIDITY/BONE
RESCRPTION ORLOW
RIGIDITY/BONE FRACTURE

PLOT LOAD VS DEFLECTION

3.CYCLIC FATIGUE

FRACTURE, DEFORMATION, WEAR

"S-N" CURVE

PROPERIES & LOOSENNG
4IMPROPER EFFECT OF HIGH STRESS ON THE INSTRUCTIONS FOR ATTACHMENT &
CONNECTIONS ENDURANCE OF THE DEVICE COMPONENTMATCHING IN LABEL
5.INDUCED EFFECT OF HIGH STRESS ON THE | STRESSANALYSIS &/OR
STRESSES AT ENDURANCE OF THE DEVICE MECHANICAL TESTING (# 1-3)

CONNECTIONS

6.LOCAL STRESS
RISERS

EFFECT OF HIGH STRESS ON THE
ENDURANCE OF THE DEVICE

STRESSANALYSIS &/OR
MECHANICAL TESTING (# 1-3)

7THERMAL

EXPANSION OF
PARTS DUETO
STERILIZATION

EFFECT OF HIGH STRESS ON THE
ENDURANCE OF THE DEVICE

STRESSANALYSIS &/OR
MECHANICAL TESTING (# 1-3)

8.INSUFHCIENT
MATERIAL TO
SUPPORTLOADS

EFFECT OF HIGH STRESS ON THE
ENDURANCE OF THE DEVICE

STRESSANALYSIS &/OR
MECHANICAL TESTING (# 1-3)

9.WEAR, CORROSION
& DEGRADATION

MORE CREMCES& FRETTING
DISSMILAR METALSIN CONTACT
AMOUNT, SZES& TYPES GF IONS

& PARTICULATE MATERIAL
RELEASED

CREVICE CORROS$ON STUDY
GALVANIC CORRO$ON STUDY

FRETTING CORROS$ON (EG,,
ASTM F 897 OR DEGRADATION

10.BIOCOMPAT- BIOCOMPATIBILITY OF:
ABILITY 1.PARTICLES
2.BREAKDOWN PRODUCTS
3.METAL IONS
4.BULK MATERIAL
110THER NEW FAILURE MECHANISMS

LOOK FOR & EVALUATE NEW FAILURE

MECHANISMS

CLINICAL STUDY
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