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INTERNATIONAL

Standard Guide for
Evaluating the Extent of Oxidation in Polyethylene
Fabricated Forms Intended for Surgical Implants’

This standard is issued under the fixed designation F2102; 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 epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide covers a method for the measurement of the relative extent of oxidation present in HDPE homopolymers and
ultra-high-molecular-weight polyethylene (UHMWPE) intended for use in medical implants. The material is analyzed by infrared
spectroscopy. The intensity (area) of the carbonyl absorptions (>C=0) centered near 1720 cm’' is related to the amount of
chemically bound oxygen present in the material. Other forms of chemically bound oxygen (C-O-C, C-O-O-C, C-O-H, and so
forth) are not captured by this guide.

1.2 Although this guide may give the investigator a means to compare the relative extent of carbonyl oxidation present in
various UHMWPE samples, it is recognized that other forms of chemically bound oxygen may be important contributors to these
materials’ characteristics.

1.3 The applicability of the infrared method has been demonstrated by many literature reports. This particular method, using
the intensity (area) of the C-H absorption centered near 1370 cm™ to normalize for the sample’s thickness, has been validated by
an Interlaboratory Study (ILS) conducted according to Practice E691.

1.4 The following precautionary caveat pertains only to the test method portion, Section 5, of this specification: This standard
may involve hazardous materials, operations, and equipment. This standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user of this standard to establish appropriate safety and health practices
and determine the applicability of regulatory requirements prior to use.

1.5 This international standard was developed in accordance with internationally recognized principles on standardization
established in the Decision on Principles for the Development of International Standards, Guides and Recommendations issued
by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*
E691 Practice for Conducting an Interlaboratory Study to Determine the Precision of a Test Method
E2857 Guide for Validating Analytical Methods

3. Terminology

3.1 Definitions:
3.1.1 bulk oxidation index (BOI)—a sample’s bulk oxidation index (BOI) is the average of the oxidation indices collected over
a 500-pm section at the center of the sample.

!"'This guide is under the jurisdiction of ASTM Committee FO4 on Medical and Surgical Materials and Devices and is the direct responsibility of Subcommittee FO4.15
on Material Test Methods.
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3.1.1.1 Discussion—

Typically, this is a plateau region with the smallest oxidation indices.

3.1.1.2 Discussion—
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FIG. 1 Typical FTIR Spectra of Oxidized UHMWPE, Showing the Definition of an Area-Based Oxidation Index Based on Normalization
Using the 1370-cm™ Peak
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FIG. 2 FTIR Spectra Showing the Carbonyl Absorption Bands
Note 1—Note that both reagents effectively extracted the lipids (the lipid absorption peak is centered at approximately 1740 cm™). The tibial insert
was fabricated from highly crosslinked and remelted UHMWPE followed by terminal sterilization in EtO gas (Ref. 1).

For samples less than about 8 to 10 mm thick, this central region may display the sample’s highest oxidation indices, depending
on its state of oxidation.

3.1.2 depth locator (DL)—a measurement of the distance from the articular surface, or surface of interest, that a spectrum was
collected and a corresponding OI calculated.

3.1.3 oxidation index (OI)—an oxidation index (OI) is defined as the ratio of the area of the carbonyl absorption peak(s) centered
near 1720 cm™ to the area of the absorption peak(s) centered near 1370 cm™, as shown in Fig. 1. Note that the peak areas are
computed after subtracting out the appropriate baseline, as further discussed in Section 6.

3.1.4 oxidation index profile—an oxidation index profile is the graphical representation of variation of the sample’s oxidation
index with distance from its articular surface or the surface of interest. This is a plot of an OI versus DL. Typically, the graph will
show the profile through the entire thickness of the sample.

3.1.5 surface oxidation index (SOI)—a sample’s surface oxidation index (SOI) is the average of the oxidation indices from the
sample’s articular surface, or the surface of interest, to a depth of 3-mm subsurface.

4. Apparatus

4.1 Infrared Spectrometer:
4.1.1 A calibrated infrared spectrometer capable of recording a transmission absorption spectrum over the range of about 1200
to about 2000 cm™" using about 200-usm-thick films at a resolution of 4 cm™ and an aperture of about 200 by 200 um.
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4.1.1.1 Other modes of collection (that is, percent reflection, attenuated total reflection (ATR), and so forth) and aperture and
increment sizes may be used to generate the sample’s absorption spectrum provided they can be demonstrated to produce
equivalent results. Too large an aperture can result in a loss of profile accuracy.
4.1.1.2 When a Fourier Transform Infrared (FTIR) spectrometer is used, a minimum of 32 scans shall be collected per
speetram:spectrum as a default. A fewer number of scans may be performed if a user can verify that their FTIR spectrometer can
reproducibly measure the OI with less than 0.03 difference in OI compared with the result obtained using the default number of
scans. In no case shall an OI be reported based on fewer than 8 scans per spectrum. Guide E2857 provides guidance on how to
validate analytical methods, which the user may use to determine the appropriate number of scans for their laboratory. Depending
on the level of oxidation in the tested samples, the user may elect to establish a lower threshold value of OI (nominally 0.01),
particularly for UHMWPE samples that exhibit little to no detectable oxidation.
4.1.1.3 The FTIR instrument and sample compartment may be purged with a moisture-free inert gas (for example, nitrogen,
helium, or argon) to minimize spectral interference from these components.

4.2 Specimen Holder—Equipment capable of accurately positioning the sample under the orifice in increments at the scale of
the aperture dimensions.

4.3 Microtome—Equipment capable of producing about 200-um-thick slices (films) of a sample perpendicular to the articular
surface or the surface of interest.

5. Procedure

5.1 Preparation of the Infrared Spectrometer:

5.1.1 Prepare the infrared spectrometer for collection of a transmission absorption spectrum from a thin film of the UHMWPE
sample according to the manufacturer’s recommendations and the conditions described in Section 4 above.

5.1.2 Collect the sequence of spectra per 5.2 and 5.3.

5.2 Preparation of the Test Specimen:

5.2.1 Using a microtome, or other appropriate device, prepare a thin slice of the sample about 200 um thick.

5.2.2 The slice shall be taken near the center of the sample’s articular surface or the surface of interest.

5.2.3 The orientation of the slice shall typically be perpendicular to the articular surface or the surface of interest.

5.2.4 For explanted components retrieved after in vivo use or in vitro samples that have been exposed to lipids (for example,
simulator specimens exposed to lubricants containing serum), the film should be submerged in a reagent (heptane or hexane) to
extract lipids from the polymer that interfere with the carbonyl peak absorptions. The extraction technique should be verified to
confirm that the oxidation level has stabilized.

5.3 Configuration of the Test Specimen in the Spectrometer:

5.3.1 The test film (slice) shall be first configured in the spectrometer (after an appropriate background spectrum has been
collected) such that the aperture is positioned over the first 200 um of the film starting at the surface of interest.

5.3.2 Subsequent spectra shall be collected sequentially at increments matching the aperture size (that is, about 200 um) from
the articular surface, or surface of interest, across the width of the film to the opposite surface.

5.3.2.1 Larger increments may be used; however, too large an increment size may result in a loss of profile accuracy.

6. Calculations

6.1 Oxidation Peak Area (OA):

6.1.1 For each absorbance spectrum, calculate the total area of the carbonyl peak absorptions centered near 1720 cm™ (Fig. 1).

6.1.1.1 This is the area below the sample’s carbonyl absorption curve and above the straight line baseline drawn between the
starting and ending points.

6.2 Normalization Peak Area (ON):

6.2.1 For each absorbance spectrum, calculate the total area of the peak absorptions centered near 1370 cm™ (Fig. 1).

6.2.1.1 This is the area below the sample’s absorption curve and above the straight line baseline drawn between the same
starting and ending points.

6.3 Oxidation Index (OI):
6.3.1 For each absorbance spectrum, calculate its OI by dividing the area of its oxidation peak (6.1) by the area of its
normalization peak (6.2), as shown in Fig. 1.

6.4 Oxidation Index Depth Locator (DL):
6.4.1 Calculate the distance from the articular surface, or surface of interest (DL), for each spectrum and its corresponding OI
from the following equation.
DL = 0.5(A) +n(S)
where:
A = the size of the aperture in micrometres in the step direction,
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