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This standard is issued under the fixed designation F 2003; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope ethylene Powder and Fabricated Form Surgical Impfants
1.1 Itis the intent of this guide to permit an investigator to F 1714 Guide for Gravimetric Wear Assessment of Pros-

investigate the oxidative stability of ultra-high molecular _thetic Hip-Designs in Simulator Devices

weight polyethylene (UHMWPE) materials as a function of F 1715 Guide for Gravimetric Wear Assessment of Pros-
processing and sterilization method. This guide describes a _thetic Knee-Designs in Simulator Devices

laboratory test method for accelerated aging of UHMWPE 2.2 ISO Standards: _

specimens and components for total joint prostheses. The SO 5834 Implants for surgery—Ultra-high molecular
UHMWPE is aged at elevated temperatures and, alternatively, _Weight polyethylent o

at elevated partial pressures of oxygen, to accelerate oxidation SO 14242 Implants for surgery—Wear of total hip joint
of the material and thereby allow for the evaluation of its _Prostheses o

1.2 Although the accelerated-aging test methods described prostheses
by this guide will permit an investigator to compare the
oxidative stability of UHMWPE, it is recognized that these test L o o i
methods may not precisely simulate the degradative mecha- 3.1 Defln'ltlons—For defmlt!ons of terms in this gu!d'e. relat-
nisms for an implant during real-time shelf aging and implan-"9 to _plas_tlcs, _refer to _Termmology D 883. For deflmp_ons_ of
tation. However, these accelerated oxidation methods haJg'ms in this guide relating to UHMWPE, refer to Specification
been successfully used to rank UHMWPE materials for theif® 648 and 1SO 5834. . _
long-term oxidative stability. 3.2 Defl_nltlo_ns of Term; Specific to This Standar(_j:

1.3 The accelerated aging test methods specified herein 3-2-1 oxidation n—the incorporation of oxygen into an-
have been validated based on oxidation levels exhibited b§ther molecule (for example, UHMWPE) by means of a
certain shelf-aged UHMWPE components packaged in air anghémical covalent bond. _
sterilized with gamma radiation. The methods have not been 3-2-2 0xygen bompn—a pressure vessel suitable for pre-
shown to be representative of shelf aging when the UHMwpEEonditioning of UHMWPE at an elevated temperature and
is packaged in an environment other than air. For exampldd@rtial pressure of oxygen.
these test methods have not been directly correlated with thg

shelf life of components that have been sealed in a low-oxygen ) : )
package, such as nitrogen. 4.1 This guide summarizes test methods that may be used to

1.4 This standard does not purport to address all of the@Ccelerate the oxidation of UHMWPE components using
safety concerns, if any, associated with its use. It is th&levated temperatures and, alternatively, elevated partial pres-
responsibility of the user of this standard to establish appro-SUres of oxygen. Under real-time conditions, such as shelf

priate safety and health practices and determine the applica?9ing @nd implantation, oxidative changes to UHMWPE after
bility of regulatory limitations prior to use. sterilization using high energy radiation may take months or

years to produce changes that may result in deleterious

3. Terminology

Significance and Use

2. Referenced Documents mechanical performance. The test methods outlined in this
2.1 ASTM Standards: guide permit the evaluation of oxidative stability in a relatively
D 883 Terminology Relating to Plastfs short period of time (for example, weeks).

F 648 Specification of Ultra-High Molecular-Weight Poly- 42 This guide may also be used to precondition UHMWPE
test specimens and joint replacement components prior to
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properties. In particular, this guide may be used for precondi- Nore 2—To maximize the extent and penetration of oxidative degra-
tioning of UHMWPE components prior to evaluation in a hip dation into bulk hip or knee components using Test Method A, it is

or knee joint wear simulator as outlined in Guide F 1714 (hiprecommended that specimens be inserted into the thermal chamber while
t room temperature, and that the chamber be elevated to the constant

wear), Guide F 1715 (knee Wear,)’ I,SO 14242 (hip wear), Olglreconditioning temperature at a slow constant heating rate, ranging from
ISO 14243 (knee wear), or combination thereof. 0.1 to 0.6°C/min(1).5

5. Apparatus and Materials 6.2 Test Method B (Preconditioning at Elevated Partial

5.1 UHMWPE Test SpecimensThe test specimens shall be Pressures of OxygemConduct Test Method B using an
prepared in final form in accordance with the requirements ofXygen bomb placed inside a suitable thermal chamber. Pre-
any subsequent physical, chemical, or mechanical tests to g@ndition test specimens at a constant temperature of 70°C and
performed after preconditioning. For example, if the specimendt an equilibrium pressure of 503 kPa (73 psi, 5 atmospheres)
will ultimately be subjected to hip joint simulation, they should ©f pure oxygen for 2 weeks prior to subsequent testing.
be prepared in final form in accordance with Guide F 1714 and_6-3 Regardless of the preconditioning test method used
ISO 14242. Because the accelerated oxidation methods outfest Method A or B), array the test specimens within the test
lined in this guide result in inhomogeneous distribution ofchamber or oxygen bomb such that all relevant surfaces have
chemical, physical, and hence mechanical properties througfff uivalent access to oxygen dunng the test. For example, with
the thickness of a preconditioned part, it is not recommendefliP @nd knee components, the articulating surface which may
that finished test specimens be machined after preconditionirgfbsequently be subjected to wear simulation shall not be
of (bulk) stock materials. Because this guide is not intended t@Pstructed or covered by other parts or materials that might
reproduce the aging of UHMWPE that is stored in a low-Interfere with uniform access of the surface to_ oxygen.
oxygen environment, test specimens should be removed from 6-4 For both Test Methods A and B, maintain the test
their packaging prior to preconditioning. chamber or oxygen bomb, or.both, at ambient humidity. The

5.2 Preconditioning Chamber-Accelerated oxidation (pre- user should be aware that adding water to the test chamber may
conditioning) of the UHMWPE shall be conducted in a affect the oxidation mechanism during the preconditioning
convection, air circulating oven that can maintain the desired0C€Ss.
temperature with an accuracy #2°C. The spatial variation of ) i .
temperature within the oven shall be measured using thermd- Report of Specimen Preparation and Test Conditions
couples and verified to be less thari°C. The chamber will 7.1 It is important that details regarding the preparation of
need to be sufficiently large to accommodate a pressure vessée test samples, the chronology of the preconditioning, the
if it is desired to precondition the UHMWPE at an elevatedstorage conditions for the test samples, and the test method
partial pressure of oxygen. An oxygen bomb (pressure vesseljsed be recorded in a report.
that is capable of maintaining the desired temperature with an 7.2 Test Sample PreparatierReport the size, shape, and
accuracy of+2°C by itself may be used. method of manufacture of the test samples. Report the type of

. ) . resin used, the manufacturer/supplier of the UHMWPE, and

Note 1—It may be desirable to use an oven with the capability of

heating the test specimen at a controlled heating rate with an accuracy 81ny subsequent processes that Were_ _perf_ormEd _On the test
+0.1°C/min. articles after manufacture, such as sterilization or high-energy

5.3 Pressure VesselWhen preconditioning UHMWPE at imadiation.

elevated partial pressures of oxygen, it will be necessary t 7.3 Chronology—Report the time at which the test speci-
enclose tf?e S ecFi)mens within a yrgessijre vessel also kno\}\lln?nens were manufactured, subsequently sterilized, and later

P P : " econditioned. Report the time that any subsequent analysis or
an oxygen bomb, capable of withstanding a static pressure

] ting was performed on the preconditioning items.
B o0 ), The pressure vesse) sha) be MAIMIACh.4 Test Sample Storage Condiiont 15 mportart t
' P Yocument the storage conditions of the test samples before and

equ_ippgd With either a regulator or a safe_ty release valve t fter preconditioning. Report the environmental conditions
maintain the internal pressure to the desired value, when :

o . hat is, storage in air versus nitrogen) and temperature under
cxygen-air mixtres wil be maintained at clovaied temperalifich {he specimens were stored.
Y9 P 7.5 Test Method-Report the preconditioning test method

tures for week_s at a time, it is recommended that appropriat{enat was used (A or B), the heating rate, the test temperature
safety precautions be taken by a laboratory performing Precon: 1 the test duration ' ' '

ditioning at elevated partial pressures. For this reason, the use
of a commercially available and properly validated oxygen

) 8. Keywords
bomb is recommended. . o — o
8.1 aging; oxidation; preconditioning; stability; UHMWPE;
6. Preconditioning Test Methods UHMW PE; ultra-high molecular weight polyethylene

6.1 Test Method A (Ambient Air PreconditionirgiConduct
Test Method A in a suitable thermal chamber. Precondition test
specimens at a ConStant temperature of 80°C for 3 weeks prior s the poldtace numbers in parentheses refer to the list of references at the end of
to subsequent testing. this standard.
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