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Standard Test Method for

in vitro Degradation Testing of Hydrolytically Degradable
Polymer Resins and Fabricated Forms for Surgical
Implants *

This standard is issued under the fixed designation F 1635; 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 D 882 Test Method for Tensile Properties of Thin Plastic

1.1 This test method coveis vitro degradation of hydro- Sheeting _ _ .
lytically degradable polymers (HDP) intended for use in D 1708 Te_st Methpd for T_enS|Ie Properties of Plastics by
surgical implants. Use of Microtensile Specimens

1.2 The requirements of this test method apply to HDPs in D 1822 Test Method for Tensile-Impact Energy to Break
various forms: Plastics and Electrical Insulating Materials
1.2.1 Virgin polymer resins, or D 2857 Test Method for Dilute Solution Viscosity of Poly-

1.2.2 Any form fabricated from virgin polymer such as a _Mers _ _ o
semi-finished component of a finished product, a finished F 748 Practice for Selecting Generic Biological Test Meth-
product, which may include packaged and sterilized implants, 0ds for Materials and Devices

or a specially fabricated test specimen. 2.2 Other Referenced Standard: . _
1.3 This test method has no provisions for mechanical SO 10993-9:1999 Biological Evaluation of Medical
loading, fluid flow, or other dynamic challenges. Devices—Part 9 Framework for Identification and Quan-

1.4 This standard does not purport to address all of the tification of Potential Degradation Produtts
safety concerns, if any, associated with its use. It is th ;
- ! ' X ) . T |
responsibility of the user of this standard to establish appro% erminology

priate safety and health practices and determine the applica- 3-1 Definitions: _ _ .
bility of regulatory limitations prior to use. 3.1.1 resin—any polymer that is a basic material for plas-

tics>
2. Referenced Documents 3.1.2 hydrolytically degradable polymer (HDP}any poly-
2.1 ASTM Standards? meric material in which the primary mechanism of chemical

D 638 Test Method for Tensile Properties of Plastics degradation in the body is by hydrolysis (water reacting with
D 671 Test Method for Flexural Fatigue of Plastics by the polymer resulting in cleavage of the chain).
Constant-Amplitude-of-Force
. . .4 f T Meth
D 695 Test Method for Compressive Properties of Rigid Summary of Test Method ] o
Plastics 4.1 Samples of polymer resins, semi-finished components,

D 747 Test Method for Apparent Bending Modulus of finished surgical implants, or specially designed test specimens
Plastics by Means of a Cantilever Beam fabricated from those resins are placed in buffered saline

D 790 Test Method for Flexural Properties of UnreinforcedSOlution at physiologic temperatures. Samples are periodically
and Reinforced Plastics and Electrical Insulating Materiald®moved and tested for various material or mechanical prop-
erties at specified intervals. The required test intervals vary

greatly depending on the specific polymeric composition. For

1 This test method is under the jurisdiction of ASTM Committee FO4 on Medical example, pOM('IaCtlde)_and polyg-caprolactone) degrade very
and Surgical Materials and Devices and is the direct responsibility of SubcommitteS|OW|y and can require two or more years for complete
F04.15 on Material Test Methods. degradation. Polymers based substantially on glycolide can

Current edition approved May 1, 2004. Published June 2004. Originally . .
approved in 1995. Last previous edition approved in 2000 as F 1635 — 95 (zooo)pompletely degrade in two to three months dependmg on the

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org.Afoual Book of ASTM  ——————————
Standards/olume information, refer to the standard’s Document Summary page on “ Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
the ASTM website. 4th Floor, New York, NY 10036.

3 Withdrawn. 5 Polymer Technology Dictionaryfony Whelan ed., Chapman & Hall, 1994.
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exact composition and on the size of the specimen. Degrada-solution that contains 0.1 M phosphate buffer and 0.1 M NaCl
tion time is also strongly affected by specimen size, polymemould be appropriate for most tissue or blood contact devices).

molecular weight, and crystallinity. The solution-to-HDP mass ratio shall be as high as practical.
o Although there is some experience with ratios as low as 20:1,
5. Significance and Use the experimenter is cautioned that at lower ratios (that is, less

5.1 This test method is intended to help assess the biodefuffering capacity) the solution pH may change more quickly.
radation rates (that is, the mass loss rate) and changes lin accordance with 9.1.3 and X1.4, aging/testing is to be
material or structural properties, or both, of HDP materialsterminated if the solution temperature or pH are allowed to
used in surgical implants. Polymers that are known to degrad@rift outside of the specified ranges. Higher solution/specimen
primarily by hydrolysis include but are not limited to ho- ratios (for example, 100:1) will be more likely to facilitate
mopolymers and copolymers bfactide,d-lactide,d,l-lactide ~ maintenance of stable aging conditions.
glycolide, caprolactone, armtdioxanoné’ 6.1.1 Over the course of the study, the pH should be

5.2 This test method may not be appropriate for all types ofnonitored frequently and the solution shall be changed peri-
implant applications or for all known absorbable polymers.odically in order to maintain the pH within the acceptable
The user is cautioned to consider the appropriateness of the tdstits. Refer to X1.5 for additional information.
method in view of the materials being tested and their potential 6.1.2 Other physiologic solutions, such as bovine serum,
application (see X1.1.1). may be substituted provided the solution is properly buffered.

5.3 Since it is well known that mechanical loading canAn anti-microbial additive should be used to inhibit the growth
increase the degradation rate of absorbable polymers, thaf microorganisms in the solution during the test period but the
presence and extent of such loading needs to be considergwestigator must demonstrate through literature reference or
when comparingin vitro behavior with that expected or experimentation that the chosen antimicrobial does not affect
observedin vivo. Where feasible, it is recommended during the degradation rate. Section X1.6 provides additional infor-
degradation testing to simulate threvivo loading conditions mation. The appropriate MSDS should always be consulted
expected in the intended application. The nature and frequen@oncerning toxicity, safe use, and disposal of such additives.
of the applied mechanical load must be considered on a case by6.2 Sample Container-A self-contained, inert container
case basis, with specifics beyond the scope of this test methoghottle, jar, vial, and so forth) capable of holding the test

5.4 Absorbable devices subjected to flow conditions (forsample and the required volume of physiologic soaking solu-
example, vascular stents) may degrade more rapidly than tH®n (see X1.7). Multiple samples may be stored in the same
same device maintained under static degradation test condiontainer provided that suitable sample separation is main-
tions. In specific cases it may be possible to predict the flowtained to allow fluid access to each sample surface and to
conditions that an implant will be subjected itw vivo and  preclude sample-to-sample contact. Each container must be
replicate thenin vitro. However, details regarding appropriate sealable against solution loss by evaporation.
flow modeling are beyond the scope of this test method. 6.3 Constant Temperature Bath or OverAn aqueous bath

5.5 Sterilization of HDP materials should be expected toor heated air oven capable of maintaining the samples and
cause changes in molecular weight or structure, or both, of theontainers at physiologic temperatures, 372°C, for the
polymers. This can affect the initial mechanical and physicabpecified testing periods.
properties of a material or device, as well as its subsequent rate6.4 pH Meter—A pH metering device sensitive in the
of degradation. Therefore, if a test is intended to be represenphysiological range (pH 6 to pH 8) with a precision of 0.02 or
tative of actual performancén vivo, specimens shall be better.
packaged and sterilized in a manner consistent with that of the 6.5 Balance—A calibrated weighing device capable of mea-
final device. Non-sterilized specimens may be included foisuring the weight of a sample to a precision of 0.1 % of its

comparative purposes. initial weight. A balance having precision to 0.05 % or 0.01 %
_ will facilitate establishment of an appropriate specimen drying
6. Materials and Apparatus period.

6.1 Physiologic Soaking SolutierA phosphate-buffered 6.6 Other—Additional equipment as deemed appropriate by
saline (PBS) solution shall be used. The pH of the solutiorthe specific test method.
shall be maintained at 7.4~ 0.2 (see X1.3) unless it is
determined through documented literature or self-advised. Sampling
study that the pH should be different due to the physiological 7.1 Weight Loss-A minimum of three samples shall be
conditions of the intended application (this may require use ofested per time period.
an alternate buffer system). Limited excursions outside of the 7.2 Molecular Weight—A minimum of three samples shall
specified pH range are tolerable provided the time weighte@e tested per time period.
average pH after buffer replenishment is maintained within this 7.3 Mechanical Testing-A minimum of six samples shall
range (see X1.3.1). The ionic concentration should be in thge tested per time period.

physiological range for the intended application (for example, o o ] o
Note 1—Statistical significance may require more than the minimum

number of samples to be tested.

® Handbook of Biodegradable Polymers.J. Domb ed., Harwood Academic 7.4 Solution Tempe_rature_ and pHSoaking solutions s_,hall
Publishers, 1997. be tested on a periodic basis throughout the test duration. The
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required test period is dependent on the degradation rate of thetrieved at each test interval shall be identical. The actual drying
test polymer, the solution/specimen mass ratio, and the solgonditions used are to be reported.

tion’s buffering capacity; once per week _is generally practical g 1.4 After weighing, the samples shall not be returned to
and suggested. In cases where no prior knowledge of thge physiological solution and shall be retired from the study.
degradation rate is available, it is suggested that the pH be g 5 Test B, Molecular Weight

tested at least daily until a baseline is established. This g5 ¢ Prior’ to placement of samples in the physiological

increased sampling frequency may need to be repeated during, sion, determine the inherent viscosity (logarithmic viscos-
periods of elevated mass loss (that is, pH change). ity number) of representative samples using Test Method
. D 2857 in a solvent appropriate for the test polymer and at a
8. Sample and Test Specimen temperature sufficient to allow adequate solubility and tem-

8.1 All test samples shall be representative of the materigberature control. For example, pdiéctide) IV should be
under evaluation. determined in chloroform at 25°C. The sample dilution ratio

8.1.1 For most HDP resins, inter-lot variations in the mo-(mg/cn?) and test temperature shall be reported. Alternative
lecular weight and residual monomer content can be signifimeans of molecular weight determination such as size exclu-
cant. Since these factors can strongly affect degradation ratesion chromatography may be used when feasible.
molecular weight (or inherent viscosity) and residual monomer 9.2 2 Test samples shall be fully immersed in the physi-
content of the source resin and fabricated test parts need to gogical solution for the specified period of time (for example,
understood. 1 week, 3 weeks, 52 weeks, and so forth).

8.1.2 Where evaluation aims allow, it is recommended that g 2 3 Samples shall be removed at each specified time
samples comparing variations in design be produced from thgeriod throughout the duration of the test, dried as in 9.1.1, and
same material lot (or batch) and under the same fabricatiofssted for inherent viscosity as above. For polymers that
conditions. _ . o _undergo very rapid degradation the molecular weight may

8.1.3 When testing for |nter-I(_)t vgrlabmty in degrao_la_non change significantly during the drying procedure, causing an
rate (for example, for process validation purposes), a minimurgyerestimate of the degradation rate. Therefore the user should
of three resin lots should be used. . exercise caution in interpretation of this data. This caution does

8.2 If a test is intended to be representative of actuahot generally apply to mass loss measurements, since contin-
performancen vivo, specimens shall be packaged and steril-yed degradation after the samples are placed in tared containers
ized in a manner consistent with that of the final device.yj not affect the sample mass unless the degradation products
Unsterilized control specimens may be included for comparayye yolatile. For rapidly degrading HDP materials, alternative
tive purposes showing the effects of sterilization. procedures such as vacuum drying should be considered.

9.3 Test C, Mechanical Testing
9.3.1 Determine the appropriate mechanical properties of

9.1 Test A, Weight Loss representative samples of resin or fabricated forms using

9.1.1 Test samples, in either resin or fabricated form, shallensile, compressive, torque, bending or other appropriate
be weighed to a precision of 0.1 % of the total sample weighiechanical tests prior to placement of the samples in the

prior to placement in the physiological solution. Samples shalphysiological solution (time zero). Relevant ASTM test meth-
be dried to a constant weight before initial weighing (see Noteyds may include one or more of the following:

2 and X1.8). Drying conditions, including final relative humid- Test Method D 638
ity (if applicable), shall be reported and may include the use of Test Method D 671
a desiccator, partial vacuum, or elevated temperatures (sefqest Method D 695
Note 3). Test Method D 747
9.1.2 Test samples shall be fully immersed in the physi- Test Method D 790
ological solution for a specified period of time as discussed in Test Method D 882
4.1 (for example, 1 week, 2 weeks, and so forth). Test Method D 1708
9.1.3 Upon completion of the specified time period, each Test Method D 1822
sample shall be removed, gently rinsed with sufficient distilled 9 3.2 Fully immerse test samples in the physiological solu-
water to remove saline, placed in a tared container, and dried fgon at 37°C for the specified period of time (for example, 1
a constant weight (see Note 2 and X1.8). The weight shall bgeek, 2 weeks, and so forth).
recorded to a precision of 0.1 % of the original total sample g9 3.3 Remove samples at each specified time period
weight. throughout the duration of the test and retest using the
Note 2—Drying to a constant weight may be quantified as less tharPriginally selected mechanical test methods and conditions.
0.1 % weight change over a period of 48 h, or less than 0.05 % change ibnless otherwise deemed relevant, samples should be tested in
24 h if the balance used is capable of such precision. Section X1.8 non-dried or wet condition. Section X1.9 provides additional
provides additional information. _ _ information. Testing conditions, wet versus dry, testing tem-
Note 3—Elevated temperatures may be used to assist drying of th@erature, and so forth, should be reported.
r

sample provided that the temperature used does not induce material 9.3.4 Unl ificall h . h
chemical changes in the sample. Vacuum drying with a dry gas purge can ~-** nless specifically germane to the testing scheme,

alternately be used without concern for material degradation. The drying@Mmples shall be retired after the completion of each test.
conditions used for the samples prior to aging and for the samples 9.4 Other Testing

9. Procedure
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9.4.1 The characterization of other material properties andneasurements shall be considered invalid and so noted in the
use of other test methods (for example, thermal propertiestudy report (see X1.4).
measured using Differential Scanning Calorimetry) may also1
be performed at each test interval. Conditioning and testing o )
parameters, as well as test results, should all be recorded andl1-1 Report the following information:
reported. .11.1..1 Test material Qescrlptlon, batch or lot humber and
9.4.2 The degradation products of the HDP under investi-d'mens'onS (as_ approprlat_e_). .
gation may be analyzed. 1SO 10993-9 provides guidelines for 11.1.2 Solution composition and preparation procedures.

identification and quantification of degradation products. . 114'3 Mgasurements of solution temperature and pH with
time, if applicable.

9.4.3 Biological response to HDP materials or their degra- ;
dation products may be investigated. Practice F 748 providel%slsl'ilr'lﬁia?zr:g Iguvg;%hlfzn?xgﬁﬁizdpae‘:’i :; average percentage

.gL_u.dellnes for the s_electlon.cuh vitro andin VIVO biocompat- 11.1.5 Inherent viscosity, initial and subsequent by time
ibility tests for medical devices and materials. period

11.1.6 Mechanical properties (tensile strength, compressive
strength, stiffness, elongation at break, and so forth) appropri-

10.1 Testing of samples shall be terminated when one oate for tests performed, at time zero and at each time period.
more of the following has occurred: 11.1.7 Other material properties measured.

10.1.1 A predetermined end point has been reached, that is, 11.1.8 Reason(s) for test termination.
elapsed time (for example, 2 years), percent weight 10SS;5 pracision

minimum inherent YISCOS.Ity' percent strength Ioss,.and so forth. 12.1 Intralaboratory and interlaboratory reproducibility has
10.1.2.Sample integrity has been compromlsed by th(?]ot been systematically determined.

progression of degradation or by mechanical damage to the

point that meaningful and reliable data may no longer bel3. Keywords

obtained. 13.1 absorbable; bioabsorbable; degradationyitro; hy-
10.1.3 The soaking solution temperature or pH has driftedlrolytically degradable polymer; hydrolysis; PLA, pdiéctic

outside of the ranges specified in Section 6. Any sampleacid); poly@-lactide); poly(@,l-lactide); PGA, poly(glycolide);

properties obtained since the last in-range temperature and pbbly(caprolactone); polytdioxanone); surgical implant

1. Report

10. Test Termination

APPENDIX
(Nonmandatory Information)

X1. RATIONALE

X1.1 With the development of absorbable polymers for usemade betweenin vitro and in vivo degradation rates of
in implantable devices, there is a need to define standarequivalent samples of hydrolytically degradable polymers
testing methods that aid in characterizing material and mednder unloaded conditions, the results have consistently shown
chanical properties with time in a simulated physiologicalthatin vivo acceleration of degradation is either not present or
environment. This test method is intended only as a frameworks within the error of measuremeht.

for assessing degradation of implant materials and devices. . .
X1.2 It is recognized that the use of test coupons or

X1.1.1 This test method is written for use in Ch""ramer'z'ngspecimens in forms other than final implant configurations may

hydrolytically degradable polymer resins and devices. Giver, helpful in assessing relevant polymer properties. For ex-

the wide variety of bioabsorbable polymer compositions Cur'ample, rectangular or round rods may be necessary to measure

rently available or under investigation, it is incumpent upon thq‘lexural properties, while a screw geometry may be required to
researcher to show through reference or experimentation th@baluate the performance of a specific implantable device.

qther degradation mechanisms are not domingnt f9r the mat?—lowever, specimen size, surface area, and process consider-
rial and the intended use. For example, certain blo-polymera

' ; tions must be addressed in order to reiateitro degradation
(for example, collagen based materials such as gelatin) aig o5t specimens tim vivo behavior of implant devices.
known to degrade vivo primarily by enzymatic attack and the
use of this method would give a serious underestimation of the X1.3 The pH level specified for the buffered saline solution
degradation rate. It has also been hypothesized that enzymafithat is, 7.4+ 0.2) was selected on the basis of information
degradation may play a role in the degradation of someeceived from two consultants to the Task Group that this range
synthetic polymersin vitro studies have shown that in suffi- of pH values was representative of that found in human blood
cient concentration certain enzymes (for example, esteraseahd extra-cellular fluid. For devices intended for use in
may increase degradation rates of specific polymers witlapplications where the fluid environment has a different pH
susceptible bonds. However, when comparisons have bedfor example, urethral stents exposed to urine), a different pH
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specification may be more appropriate. It is then incumbentoncentrations providing greater buffering capacity. Additional

upon the researcher to properly document the choice ahformation about the composition and preparation of pH

environmental conditions. The range ©D.2 should be main- proportioned monobasic-dibasic phosphate buffer solutions

tained regardless of the chosen target value of pH. may be found in a handbook available from Calbiochem Inc.,
X1.3.1 For this application, the time weighted average? division of EMD Bioscienced.

(TWA) pH is computed using the following equation: X1.6 Addition of sodium azide at a concentration of 0.1 %

TWA oH — (PH; t) + (PH, 1) + (PHgty) + ... + (PH, ty) is common. Other anitimicrobials that are commonly used
P L+ +t+ .+t include penicillin (100 U/mL), streptomycin (100 pg/mL), and
(X1.1)  amphotericin (0.25 to 2.5 pug/mL). Regardless of the antibiotic
where: or antimicrobial agent(g) that is usgd, it is incumbent upon the
pH = measured pH at the respective sampling point, investigator to determine that their use does not affect the
t, = elapsed time from buffer replenishment, and d_egradatmn rate of the HDP under investigation. These mate-
t = elapsed time from the prior sampling point. rials may be hazardous and all persons using them should

X1.3.2 It is also recommended that the starting pH of the@View the MSDS before handling and use all recommended
solution be made as close to the upper end of the chosen rang@fety precautions.
as possible since all known HDP systems generate degradationyy 7 The inert containers used to hold the samples and

products that are acidic. solution are usually glass or plastic. However, for some (short

~ X1.3.3 Information regarding the actual impact both alka-gyration) tests, stainless steel containers may be appropriate.
line (pH = 10.09) and acidic (pH = 5.25) pH has on the

mechanical properties of absorbable sutures (as observed at pHX1.8 Revision or further specification of requirements for
= 7.44) can be found in Ch{. drying to a constant weight are intended to be developed from
round robin testing to follow issuance of this test method. The
X1.4 Termination of testing, following a significant change requirements stated in Note 2 are based on experience with
in solution temperature or pH, is indicated in 10.1.3 in order toextruded 3.2-mm diameter rods lePLA dried under nominal
avoid the generation of invalid results once meaningful loss ofull vacuum at room temperature. Constant weight was
control over soaking conditions has occurred. achieved after 3 to 4 days.

X1.5 A wide variety of PBS compositions is available and X1.9 Task Group members have observed the use of wet
in common use. The components are targeted to achieve finaérsus dry test conditions to result in significant differences in
solutions that exert near-physiological osmotic pressures cfome mechanical property measurements. It is recommended
approximately 280 to 300 mOsm. Common buffer concentrathat testing be performed on specimens that are immersed in
tions range from approximately 0.01 to 0.1 M with the higherwater at 37°C at the time of testing. Report whichever

conditions are actually used.

“Chu, C. C., “The Effect of pH on thin vitro Degradation of Poly(glycolide @——————————
lactide) Copolymer Absorbable Sutures]ournal of Biomedical Materials Re- 8 Available from EMD Biosciences, Inc., 10394 Pacific Center Ct., San Diego,
search 16, 1982, pp. 117-124. CA 92121. http://www.emdbiosciences.com
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