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PREFACE

The FDA has reclassified the hipoint metal/ceranic/polymer seni- constrained geented or non-
camented prosthesis (referred to in this doeat as cemic ball hip gstem) from class Il (premarket
approval) into classll (perfomance standards) (see Federabifer, vol. 53, No. 103). A pmarket
notification (510k) mug be submitted by all distributors of cemaic balls and hip stes labeled for use with
a ceranic ball.

The purpo® of this document is to recommend to the déce manufacturer or sponsor of
premarket notifications (51%()), Investigational Device Exanption (IDE), Pranarket Approval (PMA),
reclassification petition, omaster file mportant infomation that should be satitted t FDA in order
for FDA to detemine the substantial equilence and/or safetard effectivenes of hip systems which
may include aceramic ball. The derelopment of thisguidance docment was based on data in a reclas-
sification petition filed by PROTEK Inc., Indianapolis,IN, and on the \@luation of the literature
concernimg ceramic ball hip systans by the Dvision of Sugical and Rehabilitation Déces (DSRD) . It
slggests sme important &aluation criteria, test procedures, and end points that FDA fexteegssary
to provide reasonable assurance of substantiavatprice and/or safetind effectienes of ceramic ball
hip gystems. Althowgh thisguidance doconent contains certain atnistrative requirenents, it does not
replace the requirements of the 21 CFR 801 or 807 or the statue.

FDA may require infomation in addition to what is contained in this dmeumt if circumstances
require it. In other instances, the sponsaay be able to sufficiengljustify the amission of sme tests.
Suggestiors and recanmendatiors presented in this doment are notmandatoy requirenents, but
reflect data andanethodol@ies which ORDB has detgined to be acceptableTherefore the words
"should", 'must" and "shall" are not used in aguéatoly sense and should not be construed as such.
They express FDA's current feeling as to what constitutes good scientific decision making.

The guidance docment should beviewed as a liing document As scientific knowledye
charges and scientific techniques ameproved, FDA wil revise the document Nonethelessthe basic
objectives will remain the same.

IDENTIFICATION OFTHE STEM

The following mug be tabulated for each stehaving the cone degh and ceraic balls specified
below:

the nanes,

51 or PMA numbers,

a drawirg or photaraph,

materials canposition, standard mober, trade nae and owginal manufacturiig source,

documentation of substantial equailence or appral (eg., a coy of the letter fron FDA),
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a brief description of the degsi and main processig methods (ay., wrought, porous
sintered coatig, nitrided, radiation sterited),



7 whether the sta was cleared for eeented use og| and
8 themodel numbers of each cemaic ball to be used with each sie
CONE DESGN

A table or dimensiond ergineerirg despn drawirgs must be praided which include tolerances for
the following dimensions:

1 argle,

2 lergth,

3 diameter,

4 straghtness,

5 surface texture (@., machinedgrooves),
6 surfa@ roughness,

7 length of ball/cone werlap,

The table or dhensioned egineerirg desgn drawirgs must include all:
A. cone tapers of all stes under consideration, and
B. cone trunions\aluated in the tests listed below.

IDENTIFICATION OFTHE BALL

The following should be tabulated for the ceiia balls identified abee:
1 the nanes andnanufacturemodel numbers,

2 known MAF, 51& and PMA nmbers in which each ball was cledr®r marketing and
documentation of substantial eqalence or appra@l, and

3 materid composition, standard mober, trade n@me and nmes of establighents
processig and preiding themain ingredients.

The following must be preided regarding surface egravings:
1 magnified photos of ay ergravings on the ball,

2 an evaluation of ag surface chages (eg., phases) and defectsge.craks, pits) in and
around the egraving, and

3 a description of the gnaving process and the point inethhanufacturig of the bal where
the emraving is made.



The following information on radioacte isotopesnust be preided:

1
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concentrations as deteined fran the spectra and intensivf the radiation;

half-lives;

samnple ske;

effect of the saiple sze on thaneasured radiation dose;

significance of thaneasured radiationvel in thematerial, detenined ky demonstratimy that

the radiation leel is equal to or less thdhe radiation level in abiocanpatible clinically
accepteanaterial, or causes no bicopatibility problens in hunans for at least 1fears.

A letter of access fra the ballmanufacturemust be suimitted to FDA for all ceramic balls which
were not previously approved or found substantiafl equivalent. The letter of accessust give FDA
pemissian to exanine da&in the master file pertainig to the cermic balls identified in the labelgof the

stem.

BALL DESIGN

Dimensioned egineerirg drawirgs and tolerances for the followgiparanetersmust be preided for
all ceramic balls which were not prvously appraved or found to be substantiakquivalent. Thke values in
parenthesgare the boundaris of thereclassified ceraic ball hip ystem. A system does not hae to be within
these bounds to be detened substantiallequivalent if themechanical test results are adequate.

1

8

9

Bore argle (the bore agle isgreater than the conegla to assure that the ceball contact
area is adequate).

Bore lergth (the stevhead legth of overlap isgreater than 50% of the axial gth of the
bore).

Bore dianeter at the top and bottoof the taper.
Bore straghtness (< 3nicrons).

Bore surface raghness (no requirgents).
Articulating surface roghness (Ra < 0.@icrons).
Sphericiy (< 5microns).

Diameter (no requin@ents).

Defects (no defects onyapart of the surface of guball > 0.5microns).

The following must be preided for alumina balls:

1

2

Grain ske (< 5microns).

Purity (> 99.7% alminum oxide).



3 Composition fmaximum percentge for each of the followimtrace elenents is:
MgO .2
Sio, .01
CaO .03
NaO .02
FeO; .03
TiO, .01)

4 Specificgravity (> 3.94g/cn).

The following must be preided forzirconia balls:
A description of the criticahanufacturig methods, QC tests and pass/fail critenizst be preided.

MECHANICAL TESTING

Each hip sten cone with a unique set ofrdénsions and tolerancesateriak and desgn mug be
mechanical tested with either:

1 all ball models with which the ste will be labeled for use, or

2 the bal modd having the hghest critical stresses under all possible clinical loading
conditions. Howeer, it must be dmonstrated that each of the otherl babdek under
consideration will experience lower stresses under the sanditions.

Once a particular cone with a specified set afeisions and tolerances has been cleared for use with a
particular ball, other sies fram the sane manufacturer with tasame sd of core dimensiors ard tolerances
will not requiremechanical testip

A statement should be pkaded to the effect thidhe balls ard cones which were mechanicalf tested,
were representate of the degn tolerances of the product shipped for clinical use and thamicetest
specimers had the sae canposition and structure (g, grain see, densit) as the ball. All d@ations from
this statenent must be listed and explained. The test result for eachnsgeanust be preoided and all
specimens chosen for tesgmust be identified.

FDA may require additionalmechanical tests for cone and ball desi whos mechanical
perfomance can nat be adequatsgl predicted fron the degin specifications anthechanical tests listed in this
document.

STATIC COMPRESSON

A randam sample of at least 5 balls of eachndaination shall be loaded axialin canpressio to
failure following ISO 7206€5. The loadmay be applied to the ball thrgh a copper rig or an equalent
method of loadig (eg., an appropriate copper gito load a 32nm ball would hae a 1" O.D., 0.800" width
and 0.055" thikness).

A detailed test report on staticropression to failurenust be preided A copy of the entire report
shout be included in the 51k even if the same cone and ball degis were cleared in other docents. Each
data pointmust identif the manufacturer andnodel numbers & ead ceramic bal which was testel on the
stem. The cone trunionsechanicaly testednust be identified as outlined amunder CONE DH&N.
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The average fracture stregth of the balls shall exceed 46 KN. No ball shall fail at less th&iN20

NEW BALL MECHANICAL TESTING

A ceranic bal made of a new material or manufacturiy process or producedyba new
manufacturemay require the followig mechanical test data in addition to statimpoession to failure:

1

4
5
6
7

8

LABELL ING

Balls shall be ycled axialy between constaminimum andmaximum campressie loads on
a sten cone (trunnion) out to 1@ycles followirg ISO 72065. The load shall be applied to
the ball throwgh a copper rig or an equialentmethod of loadig (eg., an appropriate copper
ring to load a 32nm ball would hae a 1" O.D., 0.800width and 0.055' thickness) The

minimum load shal be < 10% of the maximum load. At least 3 balls shall bgoted to a
maximum load of a 14 kN. All balls which do not fail shall be inspected for &aand then
fractured in static aopressie loadiy. There shall be no cie or ball fracture afte10’

cycles and no posatigue static conpression failures below 2N. Unless data isvailable

demonstratiry no aderse effects of pisiological solutions on the propertieEtbe ball, each
bal mug be aged 4 wedks in a snulated plysiological solution at 37 C prior to fatjue

testirg andkeptmoist durirg fatigue testig,.

Axial pull-off loads shall beneasured on at least 5 a@re balls attachedtthe cones with a
2 kN preload.

The flexure strergth of the ceranic shall be reported usirASTM C674 or an equalent
method.

Hardness shall be reported usASTM E384,1SO 6507 or an equalentmethod.
Wear rate of both the cemic ball and PE cup.

Hardness of the carac material.

Elastic Modulus of the cemac material.

Impact

The labelirg for each ste must identify the manufacture and modd or catalgue numbeis of each
ceranic ball to be used with the ste The labelig for the ballmust state that thbal will be used only with
stams labelad for use with the ball and that the stelabelirg should be consulted to deténe which stens are
compatible with the ceraic ball. This allows the use of future hipratewith a ceramic bal without altering
the ball labelig. It would also be appropriate to include the follagiiimthe ball labelig:

1

2

The ballmust not be steritied on the hip ste.

Autoclaved balls should not be cooled ragidl

The sten cone and ball bore should bg @nd free of containation.

A ceranic ball should not beniplanted if the ball or the cond the stem are possibly

damaged (eg., if the ball is dropped on the floor or if the mteone is scratchedyban
instrument or if the ball and stecone are attached then detached).
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5 The bal shout be placed on the ste conegently while keepirg the ball and cone in
alignment, then fimly attached Y sharpy hitting the ball with a soft plastic haner.

Zirconia ballsmust contain the followig labelirg:

1. The contraindications of the labajimmust include: "Tle Zirconia Ceranic Heal is
contraindicated for use with wanother than an UHMWPE puor a metd badked
UHMWPE cup."

2. The Warnirgs and Precautions of the labetirmust include: "TheZirconia Ceranic Head

is composea of a new ceraic material with Imited clinical histoy. Although mechanical
testig demonstrates that, when used with ymihylene acetabular cups, ettpartially
stabilized Zirconium bal produces a relately low amount of particulates, the totanaunt
of particulate remains undetenined. Because of thenlited clinical and preclinical
experience, the lantem biological effects of these particulates arémnmown."

OTHERINFORMATION

FDA may require additional testinfor cone and ball degis whose perfonance can not be
adequatel predicted fron the desin specifications and tests listed in this duent.

Clinical data may be acceptd in support of but not in place ahechanical data since the
mechanichproperties of a stan-bal system may be inferior to that appreed in the petitionyet still not
demonstrate ball fracture or wear in clinical studies.

TESTREPORTCONTENT

Detailad repors shoutl be organized ard subdvided into separate sections rf@sectionsnay be
combined to enhance clarification)\iag (if applicable) the followig headirgs:



Canyou provide the followirg?:

clinica fracture rate (number fractured/nonber implanted) of eachype of ceranic ball (material,
diameter, nek length)

evidence that arsaller ball is nomally used in a tjhter patient
copy of iso 6474

craking or phase chayes due to surface graving

methods of ealuatirg radioactve isotopes

a list of material requirenents forzirconia balls
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