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Standard Specification and Test Method for
H 1
Metallic Bone Plates
This standard is issued under the fixed designation F 382; 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 (e) indicates an editorial change since the last revision or reapproval.
1. Scope 2. Referenced Documents

1.1 This specification and test method is intended to provide 2.1 ASTM Standards:
a comprehensive reference for bone plates used in the surgicalF 67 Specification for Unalloyed Titanium for Surgical
internal fixation of the skeletal system. The standard estab- Implant Application$
lishes consistent methods to classify, define the geometric F 75 Specification for Cobalt-28 Chromium-6 Molybdenum
characteristics, and performance characteristics of bone plates. Alloy Castings and Casting Alloy for Surgical Implants
The standard also presents a catalog of standard specifications (UNS R30075)
that specify material; labeling and handling requirements; and F 86 Practice for Surface Preparation and Marking of Me-
standard test methods for measuring performance related tallic Surgical Implant$
mechanical characteristics determined to be important toithe F 90 Specification for Wrought Cobalt-20Chromium-
vivo performance of bone plates. 15Tungsten-10Nickel Alloy for Surgical Implant Applica-
1.2 It is not the intention of the standard to define levels of  tions (UNS R5640F)
performance or case-specific clinical performance for bone F 136 Specification for Wrought Titanium-6Aluminum-
plates, as insufficient knowledge is available to predict the 4Vanadium ELI (Extra Low Interstitial) Alloy for Surgical
consequences or their use in individual patients for specific Implant Applications (UNS R56403%)
activities of daily living. Futhermore, it is not the intention of  F 138 Specification for Wrought 18Chromium-14Nickel-
the standard to describe or specify specific designs for bone 2.5Molybdenum Stainless Steel Bar and Wire for Surgical
plates used in the surgical internal fixation of the skeletal Implants (UNS S31673)
system. F 139 Specification for Wrought 18Chromium-14Nickel-
1.3 This standard may not be appropriate for all types of 2.5Molybdenum Stainless Steel Sheet and Strip for Surgi-
bone plates. The user is cautioned to consider the appropriate- cal Implants (UNS S31673)
ness of the standard in view of a particular bone plate and its F 543 Specification and Test Methods for Metallic Medical
potential application. Bone Screw$
1.4 This standard includes the following test methods used F 565 Practice for Care and Handling of Orthopedic Im-
in determining the following bone plate mechanical perfor-  plants and Instrumerts

mance characteristics. F 620 Specification for Alpha Plus Beta Titanium Alloy
1.4.1 Standard Test Method for Single Cycle Bend Testing  Forgings for Surgical Implants

of Metallic Bone Plates - Annex Al. F 621 Specification for Stainless Steel Forgings for Surgical
1.4.2 Standard Test Method for Determining the Bending Implant$

Fatigue Properties Of Metallic Bone Plates - Annex A2. F 983 Practice for Permanent Marking of Orthopaedic Im-
1.5 Unless otherwise indicated, the values stated in Sl units plant Components

shall be regarded as the standard. F 1295 Specification for Wrought Titanium-6Aluminum-

1.6 This standard does not purport to address all of the  7Niobium Alloy for Surgical Implant Applicatiorfs
safety concerns, if any, associated with its use. It is the F 1314 Wrought Nitrogen Strengthened-22Chromium-
responsibility of the user of this standard to establish appro- 12.5Nickel-5Manganese-2.5Molybdenum Stainless Steel
priate safety and health practices and determine the applica- Bar and Wire for Surgical Implants (UNS S209210)
bility of regulatory limitations prior to use. F 1472 Specification for Alpha Plus Beta Titanium Alloy
Forgings for Surgical Implants
F 1713 Specification for Wrought Titanium-13Niobium-

1 This test method is under the jurisdiction of ASTM Committee FO4 on Medical ; i ; B ;
and Surgical Materials and Devices and is the direct responsibility of Subcommittee 13Zirconium AIon for Surglcal Implant Appllcatloﬁs
F04.21 on Osteosynthesis.
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2.2 1SO Standarc® 3.1.6 contouring—the manipulation and bending of a bone
FDIS 14602 Non-active surgical implants—Implants for plate, either pre-operatively or intra-operatively, to match the
Osteosynthesis particular requirements. anatomic geometry of the intended fixation location.

3.1.7 crescent sectier-a bone plate cross-section shape
(perpendicular to the long axis of the bone plate) where the
3.1 Definitions—Geometric: thickness is not constant along the section. Typically the
3.1.1 auto compressiea-a type of bone plate that by its section is thickest along the bone plate’s centerline and tapers
design can generate a compressive force between adjacaota smaller thickness at the bone plate’s edges (see Fig. 1b).
unconnected bone fragments through the use of one or more 3.1.8 uniform width—referring to a bone plate where the
ramped holes or another type of slot geometry. This ramp owidth is constant along the bone plate’s length.
slot geometry contacts the underside of the screw head, and3.2 Definitions—Mechanical/Structural:
induces compressive force as the screw is inserted and tight- 3.2.1 bending stiffness, K (N/mm) of a bone plate the
ened to the bone plate. maximum slope of the linear elastic portion of the load versus
3.1.2 bone plate—a metallic device with two or more holes load-point displacement curve for a bone plate when tested
or slot(s), or both, and a cross section that consists of at leaatcording to the test method of Annex Al.
two dimensions (width and thickness) which generally are not 3.2.2 bending strength (N-m)-ef a bone plate, the bending
the same in magnitude. The device is intended to providenoment necessary to produce a 0.2 % offset displacement in
alignment and fixation of two or more bone sections, primarilythe bone plate when tested as described in Annex Al.
by spanning the fracture or defect. The device is typically fixed 3.2.3 bending structural stiffness, El (N@r—of a bone
to the bone through the use of bone screws or cerclage wire. flate, the bone plate’s normalized effective bending stiffness
partial list of general types of bone plates is given in Sectiorthat takes into consideration the effects of the test setup’s
4.1.

3. Terminology

D D

Constant Thickness Crescent Section

(1a) (1b)

FIG. 1 Bone Plate Cross-sections

3.1.3 bone plate length, L (mm}the linear dimension of configuration when tested according to the method described in
the bone plate measured along the longitudinal axis as illusAnnex Al.
trated in Fig. 2. 3.2.4 fatigue life n—The number of loading cycles of a

3.1.4 bone plate thickness, b (mm}he linear dimension of specified character that a given specimen sustains before
the bone plate measured parallel to the screw hole axis dailure of a specified nature occurs.
shown in Fig. la, 1b, and Fig. 2. For a bone plate with a 3.2.5 fatigue strength at N cyclesAn estimate of the cyclic
crescent section, the thickness is measured at the thickest pofotcing parameter (for example, load, moment, torque, stress,
along the section. and so on) at a given load ratio, for which 50 % of the

3.1.5 bone plate width, w (mm}the linear dimension of the specimens within a given sample population would be ex-
bone plate measured perpendicular to both the length angkected to survivéN loading cycles.
thickness axes as shown in Fig. 2.

4. Classification
4.1 Bone plates used in general orthopaedic surgery can be

3 Available from International Standards Organization, Rue de Varembe, Casgateg_o_nze_d into general types according to the following
Postale 56, CH-1211, Geneva 20, Switzerland. classifications.
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FIG. 2 Bone Plate Dimensions

4.1.1 cloverleaf plate—a bone plate that has one three-lobed 5.3 Markings on bone plates shall identify the manufacturer
end which contains screw holes. or distributor and shall be made away from the most highly
4.1.2 cobra head plate-a bone plate that has one flared stressed areas, where possible.
triangular or trapezoidal end which contains multiple screw 5.4 Packaging shall be adequate to protect the bone plates
holes or slots, or both. This type of bone plate is often used foduring shipment.
hip arthrodesis. 5.5 Package labeling for bone plates shall include when
4.1.3 reconstruction plate—a bone plate that does not havgyossible the following information:
a uniform width, but usually has a smaller cross-section 55,1 Manufacturer and Product Name,
between the screw holes or slots. The reduced cross-sections 52 Catalog number,
between screw holes/slots facilitates contouring the bone plate 5 5 3 | ot or serial number,
in several planes. Reconstruction plates are often used ing 5 4 Material and, where applicable, its associated ASTM
fractures of.the pelvis and acetabulum. _ . specification designation number,
4.1.4 straight plate—a bone plate with uniform width and a "5 5 5 Number of screw holes,
straight longitudinal axis. Straight plates are often used for 5.5.6 Bone plate width
fractures of the diaphysis of long bones. 5.5.7 Bone bl '
. 5. plate length,
4.1.5 tubular plate—a bone plate whose cross-section re- 5.5.8 Bone plate thickness, and
sembles a portion of a tube, and which has a constant thicknesss'S'9 ASTM ificati d’ . . b
or a crescent section. Tubular plates are often used for fractures™~"" speciiication designation number. .
5.6 Bone plates should be cared for and handled in accor-

of the smaller long bones (that is, radius, ulna, fibula). dance with Practice F 565, as appropriate

5. Marking, Packaging, Labeling, and Handling _
5.1 Dimensions of bone plates should be designated by te Materials

standard definitions given in Section 3.1. 6.1 All bone plates made of materials which have an ASTM
5.2 Bone plates shall be marked using a method specified ibommittee FO4 standard designation shall meet those require-
accordance with either Practice F 983 or ISO 14602. ments given in the ASTM standards. A majority of materials
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having ASTM specifications can be found in the list of the primary means of stabilizing the bone fragments. Addition-

referenced ASTM standards of Section 2.1. ally, the bending stiffness of the bone plate may directly affect
6.2 Bone plates of forged Specification F 136 shall meet theéhe rate and ability of healing.
requirements of specification F 620. 7.2.1 The relevant bending properties (bending stiffness,

6.3 Bone plates of forged Specification F 138 shall meet thgenging structural stifness, and bending strength) shall be
requirements of specification F 621. determined using the standard test method of Annex Al.

7. General Requirements and Performance 7.2.2 Determine the relevant bending fatigue properties
Considerations according to the methods described in Annex A2.
7.1 geometric consideratiorsbone plates that are intended
to be used with bone screws shall have design features (scre8v Keywords
holes or slots) that conform or appropriately fit the correspond-
ing bone screw.
7.2 bending properties-a critical characteristic of bone
plates for orthopedic applications since the bone plate provid

8.1 bend testing—surgical implants; fatigue test; bone plate;
orthopedic medical devices—bone plates; surgical devices; test
e@ethods—surgical implants

ANNEXES

Al. STANDARD TEST METHOD FOR SINGLE CYCLE BEND TESTING OF METALLIC BONE PLATES *

Al.1 Scope:

Al1.1.1 This test method describes methods for single cycle m
bend testing in order to determine intrinsic, structural proper-
ties of metallic bone plates. The test method measures the
bending stiffness, bending structural stiffness, and bending e

strength of bone plates.

Al1.1.2 This test method is intended to provide a means of¢
mechanically characterize different bone plate designs. It is not
the intention of this standard to define levels of performance
for bone plates as insufficient knowledge is available to predict
the consequences of the use of particular bone plate designs.

A1.1.3 Units—The values stated in Sl units are to be
regarded as standard. No other units of measurement are
included in this standard.

Al.1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the ) ) o )
responsibility of the user of this standard to establish appro-'¢- A1-1 Diagram '";S”a“”.g Methods For Determining Bending

. . . . roperties of Bone Plates
priate safety and health practices and determine the applica-

bility of regulatory limitations prior to use A1.3.1.2 bending strength (N-m)—of a bone platéhe

Note Al.1—There is currently an ISO standard (ISO 9585—Implantsbending moment necessary to produce a 0.2 % offset displace-
for Surgery—Determination of Bending Strength and Stiffness of Bonement in the bone plate when tested as described in Section A1.8
Plates) that is similar, but not equivalent to this test method. (the bending moment corresponding to point D in Fig. A1.1.).
If the bone plate fractures before the proof point is attained the

Al.2 Referenced Documents: bending strength shall be defined as the bending moment at
Al.2.1 ASTM Standards: fracture.

E4 Practices for Load Verification of Testing Machifies A1.3.1.3 bending structural stiffness, (B (N-nf)—of a

E 122 Practice for Choice of Sample Size to Estimate thgone plate, the bone plate’s normalized effective bending
Average Quality of a Lot or Process stiffness that takes into consideration the effects of the test

A1.3 Terminology: setup’s_configu_ration. Fo_r this test metho_d, the bending struc-

finitions: tural stiffness is determined from the single cycle bending

Al.3.1De |n|§|onsf.f i<l response of the bone plate and the testing configuration.

A1.3.1.10.2% offset displacement, q (mmpermanent x93 1 4 pending stiffness, K (N/mrof a bone platethe
deformation equal to 0.2 % of the center loading span distance, aimum slope of the linear elastic portion of the load versus
(point B in Fig. AL1). load-point curve when tested as described in section A1.8. (See

the slope of line Om in Fig. A1.1).
4 Annual Book of ASTM Standards, Vol 03.01. A1.3.1.5 bone plate width, w (mm}the width of the bone
5 Annual Book of ASTM Standards, Vol 14.02. plate as shown in Fig. A1.3.

o] B A
Load-Point Displacement (mm)
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bending load. The bone plate’'s bending stiffness, bending
structural stiffness, and bending strength are then derived from
the test record generated during the test and the testing
\ N configuration.
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Support Rollers h d h
Section A—A A
————
FIG. Al1.2 Test Configuration
Al1.3.1.12total deformation (mm)—the vertical displace-
{ ment of the point of application of the load when specified load
\ is applied.
J 1 Al.4 Summary of Test Method:

S \N // (3) | Al.4.1 Bone plates are subjected to a single cycle four-point

Al1.5 Significance and Use

A1.5.1 This bend test is used to determine values for the
mechanical response of bone plates to a specific type of
A1.3.1.6 center span, a (mm)—the distance between thebendl_ng load. The mformatl_on_reSl_JItmg from this test method
; S can give the surgeon some insight into the mechanical response
two loading rollers as shown in Fig. A1.2.

. of a given bone plate.
_Al.3.1.71racture load, Fna (N)—the applied load at the 175 5 gjnce the loading on the bone platesitu will, in
time when the bone plate fractures. '

. _ general differ from the loading configuration used in this
Al.3.1.8 loading span, h (mmj)-the distance between the meihod, the results obtained from this test method cannot be

loading roller and the nearest support as shown in Fig. A1.2yseq directly to predidn vivo performance of the bone plate

Al1.3.1.9 permanent deformation (mrjthe vertical dis-  peing tested. Such mechanical property data can be used to
placement of the point of load application remaining after theconduct relative comparisons of different bone plates designs.
applied load has been removed. A1.5.3 The bone plate’s bending strength, as defined in

A1.3.1.10 proof load, P (N)—the applied load at the inter- Section A1.3.1.2, identifies the bending moment that must be
section point of line. BC with the load versus load-point applied to the bone plate in order to produce a specific amount
displacement curve. (See Fig. A1.1). a permanent deformation.

A1.3.1.11 proof point displacement (mrmithe load-point Al1.5.4 The bending structural stiffness of the bone plate, as
displacement associated with the bone plate’s bendindefined in Section A1.3.1.3, is an indicator of the bone plate’s
strength. (See point A in Fig. A1.1). stiffness that is independent of the test configuration. Bending

FIG. Al1.3 Roller Profiling Requirements
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structural stiffness is simply related to the bone plate’s geom- NN
etry and the material used in manufacturing the bone plate. é% \ o ,
A1.5.5 This test method assumes that linear-elastic material ’ , Rigid | xtension
behavior will be observed and therefore, the method is not @\\ N Segment
applicable for the testing of materials that exhibit non-linear (% ?) {@/
elastic behavior. [ S J
(@l N{@)
Al.6 Apparatus: - ~
A1.6.1 The typical test configuration is illustrated in Fig. ~— Bone Plate

Al1.2. 1
A1.6.1.1 All loads shall be applied through rollers of equzj

diameters within the range of 6 to 12 mm. The selected rolle
diameter should not be greater than the distance between
adjacent screw holes in the bone plate to be tested. FIG. Al.4 Bone Plate with Rigid Extension Segments

A1.6.1.2 Cylindrical rollers shall be used to test flat bone
plates and bone plates of curved cross-section, in which the ) .
deviation from flatness at the center of the bone plate does not A1:6-2.1.3 At the completion of the single cycle bend test,

exceed w/6. Test other bone plates using rollers of profile('jhe bone plate anchor shall be examined in order to determine

form corresponding to the cross-section of the bone plate to bt the indicated permanent deformation can be related to the
tested (see Fig. AL.3). mechanical performance of the anchoring system.

Al1.6.1.3 The loading and support rollers shall be positioned .A,1'6'2'2 Alternative test _configuratic_)ns utilized in deter-
as follows: mining th.e sm_gle cycle bending properties of bone plates shall

A1.6.1.3.1 The loading rollers shall be positioned so thaf’® described in the test report.
two screw holes will be located between the loading rollers. AL7 S lina-
Record the center span distance. : amp mg. _ _ . .

A1.6.1.3.2 The support rollers shall be located equal dis- Al.7.1 Determine sample size using the methods outlined in
tances away from the adjacent loading roller so that two screWractice E 122. _ o
holes will be located between the adjacent loading and support A1.7.2 Bone plates of different lengths but nominally iden-
rollers. Record the distance between the loading roller anécal cross sections, and made of the same material, may be
nearest support roller. used to constitute a sample.

A1.6.1.3.3 The recommended testing configuration locates
the loading rollers at approximately the one-third points Al-8 Procedure:
between the supporting rollers. Al1.8.1 Place the bone plate in the testing fixture and

A1.6.1.3.4 The applied load shall be shared equally by botiposition it in accordance with the following:
loading rollers. A1.8.1.1 Place the bone plate so that the loading rollers are

A1.6.1.4 Machines used for the bending test shall confornin contact with the surface of the bone plate intended to be in
to the requirements of Practice E 4. contact with the bone.

A1.6.2 The user is strongly encouraged to obtain bone plate A1.8.1.2 If the bone plate is symmetrical, place it symmetri-
test specimens of sufficient length that can be tested using tHelly with the two innermost screw holes between the loading
methods described in A1.6.1. However, alternative test contollers.
figurations can be implemented to determine the single cycle A1.8.1.3 If the bone plate has a central screw hole, place it
bending properties of bone plates that do not lend themselve#ith the central screw hole and one other screw hole symmetri-
to the configuration of Sections A1.6.1 and A1.8.1. The usefally between the loading rollers.
should bear in mind that the results obtained using the A1.8.1.4 Ifthe bone plate is asymmetrical, place it with two
alternative method described below are not directly compascrew holes between the loading rollers so that the position of
rable to those obtained using the preferred method. the fracture for which it is intended to be used shall be between

A1.6.2.1 Bone plates that do not have sufficiently longthe loading rollers. . .
section of symmetry or do not have a section of symmetry can 'A1.8.1.5 Ensure that the loading rollers are not in contact
be attached to rigid extension segments. The rigid extensiofith parts of the bone plate where there is a screw hole.
segments can be used to effectively lengthen the bone plate ¥¥herever possible, the support rollers should not be in contact
that the bone plate can be tested with the four point bend te¥fith parts of the bone plate which include a screw hole.
method (see Fig. Al.4 for an illustration). For these tests, the A1.8.1.6 Align the long axis of the bone plate so that it is
following requirements apply. perpendicular to the axes of thg rollers. '

A1.6.2.1.1 The rigid extension segments shall be designed A1.8.2 Apply loads of increasing magnitude, and generate a
so that they do not interfere with the bone plate’s deformatiofo@d versus load-point displacement diagram either auto-

during the single cycle bend test. graphically or from numeric data acquired during the test.
A1.6.2.1.2 The loading rollers shall contact the rigid exten- Nore A1.2—Displacement-controlled testing is strongly preferred over
sion segments of the test setup during the test. load-controlled testing. The measured deformation behavior past the yield
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point can be different for load-controlled testing due to non-linear \yhere:

displacement rates. P = the proof load, and

A1.8.3 Determine the bending stiffness, bending structurall = the loading span distance.
stiffness, and bending strength for each tested bone plate A1.8.3.1.8 If the bone plate fractures prior to the load versus
according to the method that follows: load-point displacement curve intersects the offset line BC,

A1.8.3.1 A load versus load-point displacement curve (se&@lculate the bending strength from the expression:

Fig. Al.1) is produced either autographically or from numeri-
cal data acquired during the test.

A1.8.3.1.1 On the load versus load-point displacement dia-, hare-
gram generated for the test, draw a best fit straight line (Om)g
through the initial (linear) portion of the load versus load-point
displacement curve. . . . Note Al.4—It should be noted that these bending strength equations

A1'8'_3'1'2 Determine the, bone plate’s be_ndmg gtlﬁness b3é\re only valid while the bone plate under test is exhibiting linear elastic
calculating the slope of the line, Om, drawn in Section 8.3.1.1pehavior. The user is cautioned of this fact since this method may produce

A1.8.3.1.3 Determine the bone plate’s bending structurabending strength results that may not necessarily be equal to the

max

) Foax X h
bending strength= — (Al1.4)

the fracture load, and
the loading span distance.

max

stiffness with the following expression: corresponding theoretical calculations.
_ (2h+ 3a)KKF Al1.9 Report:
Ble=—1— (AL.1) A1.9.1 Report the following information:
Where: A1.9.1.1 Adequate description of the test material, includ-
K = the bending stifiness, ing the number of bone plates tested,

; A1.9.1.2 Adequate description of the test configuration,
the center span distance, and . -
the loading span distance. angg.)&l.z.l The center span and loading span dimensions (

Note Al.3—Since the test method requires the inclusion of screw holes A1.9.1.3 The 0.2 % offset displacement, used to deter-
the center span region, then the bone plate’s bending structural stiffnesgine the bending strength,

a
h

really represents and average of theg &ler the center span region. A1.9.1.4 Mean and standard deviations of the bending
A1.8.3.1.4 Calculate the 0.2 % offset displacement from thétiffness values for the set of bone plates tested,
expression: Al1.9.1.5 Mean and standard deviations of the bending
4= 0.002xa (AL2) structural stiffness values for the set qf bpne plates testedl,
' ' A1.9.1.6 Mean and standard deviation of the bending
where: strength values for the set of bone plates tested, and
a = the center span distance. A1.9.1.6.1 Number of bone plates fractured during the test.

A1.8.3.1.5 On the load versus load-point displacement dia- A1.9.1.7 The method (either displacement or load) and rate
gram lay off OB equal to q. Then draw line BC parallel to Om. utilized for controlling the test.

A1.8.3.1.6 Locate the proof load at the intersection point of A1.10 Precision and Bias:

line BC with the load versus load-point displacement curve. a1 101 Precision—Data establishing the precision of the
A1.8.3.1.7 Calculate the bending strength of the bone platgst method have not yet been obtained.

from the expression: A1.10.2 Bias—No statement of bias can be made, since no
_ (Ph) acceptable reference values are available, nor can they be
bending strength- —— (AL3)  ptained since this test is a destructive test.

A2. STANDARD TEST METHOD FOR DETERMINING THE BENDING FATIGUE PROPERTIES OF METALLIC BONE
PLATES

A2.1 Scope levels since insufficient knowledge is available to predict the

A2.1.1 This test method describes methods for bendin&onsequencgs of the use of a particu_lar bone plate design.
fatigue testing in order to determine intrinsic, metallic bone Azj'% Unlts—TZe C;/alﬁes S;amd n Slf units are to be
plate structural properties. The test method may be used tré:"%a:j ed . ash_stan adr .d O other units of measurement are
determine the fatigue life at a specific or over a range of'c'uded in this standard.
maximum bending moment levels, or to estimate the fatigue A2.1.4 This standard does not purport to address all of the

strength for a specified number of fatigue cycles of a bong@f€ty concems, if any, associated with its use. It is the
plate. responsibility of the user of this standard to establish appro-

A2.1.2 This test method is intended to provide a means t(g)riate safety and health practices and to determine the
. eEppIicabiIity of regulatory limitations prior to use.

mechanically characterize different bone plate designs. Itis no
the intention of this standard to define bone plate performance Notre A2.1—There is currently no 1SO standard that is similar or
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equivalent to this test method. Minimum Moment

~ Maximum Moment (A2.1)

A2.2 Referenced Documents

A2.2.1 ASTM Standards:

E 4 Practices for Load Verification of Testing Machifies

E 467 Standard Practice for Verification of Constant Ampli-
tude Dynamic Forces in an Axial Fatigue Testing System

E 1823 Standard Terminology Relating to Fatigue and Frac
ture Testing

E 1942 Standard Guide for Evaluating Data Acquisition2-4 Summary of Test Method
Systems Used in Cyclic Fatigue and Fracture Mechanics A2.4.1 Abone plate is placed in a four point bending fixture

A2.3.1.6 runout—A predetermined number of cycles at
which the testing on a particular specimen stopped, and no
further testing on that specimen will be performed. When the
intent of the fatigue test program is to determine the fatigue
strength at N cycles, the runout is usually specified as N cycles.

Testing _ _ _ and oriented in such a way so that the bone plate’s section that
F 565 Practice for Care and Handling of Orthopedic Im-would normally bridge the fracture site is subjected to a
plants and Instrumerits uniform bending moment along the length of the section

length. The bone plate is subjected to a constant frequency
o ) ] . ) sinusoidal cyclic load waveform in four-point bending situa-
A2.3.1 Definitions: Unless otherwise defined in this testion, The fatigue loading is continued until the specimen fails,

method, the terminology related to fatigue testing that is used |imit is reached which is indicative of failure, or the runout
in this test method will be in accordance to the definitions ofcycle count is reached.

ASTM E 1823.

A2.3.1.1 M-N diagram—A plot of maximum moment ver-
sus the number of cycles to a specified failure point.

A2.3.1.2 maximum moment—The applied bending momen
having the highest algebraic value during the loading cycle.
moment that generates a tensile stress on the surface of t
bone plate specimen that contacts the outer support rollers (
shown in Fig. A2.1) is considered positive. Correspondingly,
moment that generates a compressive stress is considered N
negative. A2.5 Significance and Use

A2.3.1.3 median fatigue strength at $@ycles—An esti- A2.5.1 The test method establishes a uniform four-point
mate of the maximum moment at which 50 % of the specimengending fatigue test to characterize and compare the fatigue
of a given sample population would be expected to survive 10@erformance of different bone plate designs. This test method
loading cycles at a given R-ratio. may be used to determine a bone plate’s fatigue life at either a

A2.3.1.4 minimum moment—The applied bending momentspecific or over a range of maximum bending moment condi-
having the lowest algebraic value during the loading cycle. Ajons. Additionally, the test method may be alternatively used
moment that generates a tensile stress on the surface of thg estimate a bone plate’s fatigue strength for a specified
bone plate specimen that contacts the outer support rollers (@gimber of fatigue cycles.
shown in Fig. A2.1). is considered positive. Correspondingly, @ a5 5 5 The test method utilizes a simplified bone plate load
moment that generates a compressive stress is considergg o that may not be exactly representative of the in-situ

ne,ggtg/iéR tio—The algebraic ratio relating the mini loading configuration. The user should note that the test results
-2.1.9 R-ralio—1The algebraic ralio relating the minimum - o0y 0 ate by this test method can not be used to directly predict

and maximum values of the loading parameters of a fatlgg ein vivo performance of the bone plate being tested. The data

gy(f:_le. dFor.the purposes of this test method the R-ratio I%generated from this test method can be used to conduct relative
efined as: comparisons of different bone plate designs.

. A2.5.3 This test method may not be appropriate for all types
Applled Load of implant applications. The user is cautioned to consider the
appropriateness of the method in view of the devices being

tested and their potential application.

A2.5.4 This test method assumes that the bone plate is
Test Sample manufactured from a material that exhibits linear-elastic ma-

N / terial behavior. Therefore, the method is not applicable for
SRR p_@ 7t ____ testing bone plates made from materials that exhibit non-linear

] [ S@] elastic behavior.
Support Roliers ] |h"0ﬂ‘ “] | A2.5.5 This test method is restricted to the testing of bone

i | plates within the materials’ linear-elastic range. Therefore, the

||
V /Si”’/ﬁd test method is not applicable for testing bone plates under
!

conditions that would approach or exceed the bending strength
FIG. A2.1 Test Configuration of the bone plate being tested.

A2.3. Terminology

A2.4.2 The data generated from a series of test samples is
compiled and presented in a manner that is consistent with the
poals of the study. The results can either be presented in a
semi-log M-N diagram that will characterize the general

tigue behavior of the bone plate over a range of applied

nding moments or simply the fatigue strength determined at
cycles.

Loading Rollers




A8y F 382 - 99 (2003)

A2.6 Apparatus A2.8.1.1 M-N Diagram: The user may test a given bone
A2.6.1 Test machines used for the bending fatigue test shalate design over a range of maximum bending moment levels
conform to the requirements of Practice E 4 and E 467. to characterize the general fatigue behavior trend of the device.

A2.6.2 The suitability of any data acquisition systems used N€ User's experience is the best guide that can be used for
in monitoring the progress of these tests should be evaluated #ftermining the initial loading conditions. In the absence of

accordance to the guidelines of Guide E 1942. such experience, the best recommendation would be to use
A2.6.3 The typical four-point bend test configuration em-initial fatigue loads corresponding to 75, 50, and 25 % of the
ployed for this test is illustrated in Fig. A2.1. bending strength determined in accordance to this standard’s

A2.6.3.1 The test fixture is configured in accordance to thé\nnex Al test method. The applied moment and the cycle to
requirements of either section A1.6.1 or A1.6.2 of Annex A1 oft€St termination data are then plotted on a semi-log M-N
this standard. diagram. A curve fit may be appropriately applied to the data to

A2.6.3.2 The test fixture employed should provide a mean&evelop an M-N curve. o
to prevent the expulsion of the test specimen during the fatigue A2.8.1.2 Fatigue Strength DeterminatioriThe user may
test. Whatever means is selected, the specimen must be free@{§0 test a given bone plate design in order to determine the
bend in response to the applied load and shall not affect thigtigue strength at a given number of fatigue cycles. This
loading situation generated in the test specimen. method recommends that the fatigue strength be determined at

A2.6.4 A cycle counter is required that is capable of@ 1 millionloading cycles (see rationale in Appendix X3). The
counting the cumulative number of loading cycles that arénaximum difference between the load levels used for the
applied to the specimen during the course of the fatigue testfatigue strength determination shall be no greater than 10 % of

A2.6.5 When required, a limit detector that is capable ofthe bending strength determined in accordance to this stan-
sensing when a test parameter (for example, load, actuatgird’s Annex Al test method. Acceptable methods which can
displacement, dc error, and so on) reaches a limiting value arf® €mployed to determine the bone plate’s fatigue strength

produces a signal or action that terminates the test. i”C“;]dz(;fDe up and down method and a modified up and down
method®
A2.7 Test Specimens and Sampling A2.8.2 Place the bone plate in the testing fixture and

A2.7.1 All test components shall be representative of im-position it in accordance with the following:
plant quality products with regard to material, cross-section, A2.8.2.1 Place the bone plate so that the loading rollers are
surface finish, markings, and manufacturing processes. Any contact with the surface of the bone plate intended to be in
deviation from this requirement must be noted in the finalcontact with the bone.
report. A2.8.2.2 Ifthe bone plate is symmetrical, place it symmetri-
A2.7.2 Per Practice F 565, bone plates that have been eitheally with the two innermost screw holes between the loading
implanted or contoured (reshaped) for implantation are notollers.
suitable for this test method and shall be excluded from the A2.8.2.3 If the bone plate has a central screw hole, place it
sample. with the central screw hole and one other screw hole symmetri-
A2.7.3 Bone plates of different lengths but nominally iden-cally between the loading rollers.
tical cross sections, and made of the same material, may be A2.8.2.4 If the bone plate is asymmetrical (as in the case
used to constitute a sample. with most specialty plates), place it with two screw holes
A2.7.4 M-N Diagram Testing:The minimum sample size between the loading rollers so that the position of the fracture
necessary for reporting the fatigue life of a given bone plate afor which it is intended to be used is located between the
a given maximum bending moment condition is three. Aloading rollers.
rudimentary M-N diagram with a corresponding fatigue curve A2.8.2.5 Ensure that the loading rollers are not in contact
would require three replicate tests at three load levels. Undexith plate sections that contain a screw hole. If it is not
ideal conditions, conduct five replicate tests at each of fivgpossible to meet this requirement with the bone plate design
maximum bending moment levels in order to enhance théeing tested, then the alternative configuration recommended
statistical significance of the resulting information. in section A1.6.2 of Annex Al of this standard should be used
A2.7.5 Fatigue Strength TestingNo minimum sample size for the fatigue test.
can be identified for this testing method since the total number A2.8.2.6 Align the long axis of the bone plate so that it is
of data points needed to make such a determination iperpendicular to the axes of the rollers.
dependent upon the methodology used and many other relatedA2.8.3 Ensure that the applied load is equally shared
factors. The user should be aware that such a study may requipgtween the test specimen loading points. The magnitude of

approximately twenty test specimens in order to generaténe applied load is determined from the following expression.
statistically meaningful results.

A2.8 Procedure

A2.8.1 Prior to testing, the load level(s) for testing must be s itie, R. E., and Jebe, E. HManual on Statistical Planning and Analysis for
determined. To evaluate the fatigue performance of a boneatigue Experiments, STP 588, American Society of Testing and Materials, 100 Barr
; : : rbor Drive, West Conshohocken, PA, 19428, 1975.
plate, the us_er has several methodologies at their dISpOSEﬁ Little, R. E., “Optimal Stress Amplitude Selection in Estimating Median
whose selection is based upon the output goals of the StUdVatigue Limits Using Small Samples), of Testing and Evaluation, ASTM, 1990,

Two recommended methods are as follows. pp. 115-122.



A8y F 382 - 99 (2003)

b 2M (A2.2) A2.9.3 If the goal of the study is to determine the fatigue
h ' strength at 19 cycles, it is recommended that the fatigue

Where M is the maximum moment and h is the loading sparstrength be determined as the median fatigue limit (50 %
distance (see Fig. A2.1). probability of survival), using acceptable technig@és.

A2.84 I__oad the test specimen with the test system in loagy, 10 Report
control using an appropriate waveform so that the resultant
time dependent bending moment generated in the test specime
is cyclic and sinusoidal in nature. Select a cyclic frequency fof!
the tests that will not produce strain sensitive affects in the
bone plate’s material. Typically, a cyclic frequency of 5 Hz isef}
more than adequate for completing the test in a timely mann . : .
and will still not affect the bone plate’s material. AéATZI\./ll%rllg OTZSegzzztioprI]aste material including applicable

A2.8.5 The recommended R-ratio is 0.1. Any deviations A2.10.1.4 Deviations from normal implant product.

from this should be reported and justified in the final report. . . )
A2.8.6 The cycle counter shall record the cumulative hum- A2.10.1.5 The center and loading span dimensions (h and

ber of cycles applied to the test specimen, and the appropria . . i
limits should be set to indicate specimen failure or deviations, 23181? ;he tl_oadlng roller diameters and profile.
or both, from the intended load parameters. A2.10.1.8 Tr-zrsétl :‘(r)équency

A2.8.7 Testing shall continue until the specimen breaks, a A2.10.1.9 Description of the test environment.

limit is reached which terminates the test, or the total cycle o
count reaches the runout limit y A2.10.1.10 Deviations from recommended test method.
' A2.10.1.11 Tabular listing that summarizes the maximum

moment and the resulting cycles to test termination data.

A2.9 Calculation and Interpretation of Res_ults . . A2.10.1.12 A description of the failure mode and failure
A2.9.1 Record the results of each test including the maxiygcation for each specimen which failed.

mum moment, cycle count at test termination, and the failure a2 10.1.13 | appropriate, a semi-log plot of the M-N

location and failure mode, if applicable. diagram is generated. Include descriptions of any analytical or
A2.9.2 If the goal of the study is to generate an M-N giatistical techniques used when interpreting the fatigue data.
diagram, then the maximum moment and cycles to test aA210.1.14 If appropriate, an estimate of the fatigue

termination data is plotted on a semi-log graph. Varioussyrength should be reported. Include descriptions of any ana-

techniques may be used to estimate the mean or median fatigygica or statistical techniques used for determining the fatigue
lives, statistical differences between groups, curve fits to thgyength.

fatigue data, probability of survival curves, éte.

rfAZ.lo.l The test report will include the following informa-
on:

A2.10.1.1 Manufacturer of the bone plate specimen.
A2.10.1.2 The bone plate description and catalog number (if
pplicable).

A2.11 Precision and Bias

A2.11.1 Precision—Data establishing the precision of the
. , _ _ ~ test method have not yet been obtained.
Conway, J. B.,_and Sjodahl, L. HAnalysis and Representation of Fatigue A2.11.2 Bias—No statement of bias can be made, since no
Data, ASM International, Materials Park, OH, 1991. X
9 Collins, J. A.: Failure of Materials in Mechanical DesignJohn Wiley and acceptable reference values are available, nor can they be

Sons, New York, NY, 1981. obtained since this test is a destructive test.

APPENDIXES
(Nonmandatory Information)

X1. RATIONALE FOR SPECIFICATION

X1.1 This specification is intended to provide useful andquantifiable and reliable regardless of the manufacturer or
consistent information related to the terminology, performancedesign. The mechanical behavior and material properties must
application of test methods, and the application of bone platealso be described in a reliable, known manner which is
used for maintenance of alignment and fixation during the boné@respective of the manufacturer or design. In order to accom-
healing process. Bone plate geometrical definitions, classificglish this uniformity of designations, the terminology, me-
tion and terminology; material specifications; and performancehanical properties, material properties must be standardized.
definitions are provided.

X1.3 The subcommittee’s goal is to produce a single

X1.2 The orthopaedic surgeon should be able to select thstandard identifying all pertinent information, requirements,
device that they feel is appropriate for the indication. In orderand test methods for orthopedic bone plates. The first step in
to do this, the surgeon must have confidence that the device&chieving this goal was to combine the current versions of
designation and sizing has a specific, known meaning that i6 382 and F 786. This revision of F 382 completes this first

10
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step. Additional subcommittee goals include the development
of a bending fatigue and torsion test methods.

X2. RATIONALE FOR ANNEX Al

X2.1 This test method is designed to measure the mechaninches with an offset displacement criteria of 0.004 in. (ap-
cal properties of bone plates subjected to bending, which is theroximately 0.2 % of the center span length). The use of a 2 %
most common type of loading encounteriedvivo. This test  offset displacement criteria would result in nearly eight times
method addresses itself to properties of the device rather thags much permanent deformation to occur to prior to establish-
the material from which the bone plate is made. A four-plateing the bone plate’s yield point. One typically chooses an offset
loading is specified since is produces a constant moment ov@fat is small enough so that the elastic limit has just been

the central span. reached, but large enough so that any slippage or singular

X2.2 The key quantities that are assessed (bending Stifﬂgehavior at the elastic limit is avoided (0.1 % and 0.2 % for the
ness, bending structural stiffness, and bending strength) pré*>TM tensile test). The use of the 2 % offset displacement

vide the user information on the bone plate’s strength ang@riteria would result in the determination of the bone plate’s
stiffness. bending strength that has little meaning since it is located well

into the plastic region. Therefore, the adoption of the 0.2 %
X2.3 The previous version of this test method included arvffset criteria will satisfy both requirements.
assessment of the bone plate’s ductile behavior. Although this

information is useful to the user, the supporting information x2 5 The test method has been adapted to accommodate
needed to conduct this evaluation was not available. Thereforgye testing of smaller bone plates and/or plates that do not have
the bone plate’s ductile behavior evaluation has been e“m'énough screw holes to meet the requirements of Sections

nated from the test method. A1.6.1 and A1.8.1. In order to accommodate these tests, the

X2.4 The offset displacement criteria used to determine th@Ption to add rigid extension segments to the bone plate being
bone plate’s bending strength has been reduced from 2 % {gsted is allowed (see Section Al.6.2). These extension seg-
0.2 % in the standard’s current version. This was done for twdnents effectively lengthen the bone plate so that the four point
reasons; (1) to establish a bending strength criteria that wdend test configuration can be used to impart a nearly constant
minimally influenced by nonelastic bending of the bone platepending moment along the section of the bone plate located in
and (2) to make the test method consistent with the previouthe center span of the test setup. This is the only feasible means
version of the F 382 standard test method. In the previouto test bone plates that have less that six optimally located
version of the standard the center span length was set at 1.5¢rew holes.

X3. RATIONALE FOR ANNEX A2

X3.1 Bone plate fatigue properties are an important factor X3.3 One of the objectives of this test method is to provide
when considering the surgical treatment of skeletal fracturesa consistent methodology for determining an estimate of the
The bone plate may be subjected to a significant number dfone plate fatigue strength at ®l@ycles for comparative
repetitive stress cycles during the healing process. In someurposes. Bone plates are classified as temporary skeletal
situations, the bone plate may be expected to experience thetbgation devices since fractures and skeletal deformity correc-
conditions for several weeks until the bone healing procesons are generally resolved within 2-3 months (approximately

progresses adequately so that the bone can provide mechanid&C 000 to 250 000 cycles). Even though the test method's

support which will reduce the stresses in the bone p|ater_ecommendation of one million cycles for estimating the

Therefore, it is important for the surgeon to have some meanfé""t'gt_’g st:jength hast_been arbltraglly Ch;)sten_, |t|_sF|II lcan t_)e
to judge the fatigue performance of a given bone plate. considered conservative since no bone pla e6|n clinical service
would normally be expected to withstand °1@igh stress

X3.2 Since the time frame, number of loading cycles andoadlng cycles.

loading conditions are uncontrollable and unpredictable, there X3.4 The reporting of cyclic bending fatigue strength
is no acceptable limit which can be set for the bending momenénd/or fatigue life using this standard testing technique are only
or number of cycles of load which the bone plate shouldsuitable for comparative evaluations between devices of dif-
withstand in any given case. ferent sizes, designs, and materials.

11
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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