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Standard Specifications and Test Methods for
Components Used in the Surgical Fixation of the Spinal
Skeletal System *

This standard is issued under the fixed designation F 2193; 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 epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope user is cautioned to consider the appropriateness of this

1.1 These specifications and test methods are intended fcument in view of the particular implant system and its
provide a comprehensive reference for the components diotential application. _ -
systems used in the surgical fixation of the spinal skeletal 1.5 This documentincludes the following specifications and
system. The document catalogs standard specifications thi&St methods that are used in determining the spinal compo-
specify material, labeling, and handling requirements. Thé'€nt's mechanical performance characteristics:
specifications and test methods also establish common termi- 1.5.1 Specification for Metallic Spinal Screws—Annex Al.
nology that can be used to describe the size and other physicall-5-2 Specification for Metallic Spinal Plates—Annex A2.
characteristics of spinal components and performance defini- 1.5.3 Specification for Metallic Spinal Rods—Annex A3.
tions related to the performance of spinal components. Addi- 1.5-4 Test Method for Measuring the Static and Fatigue
tionally, the specifications and test methods establish perfo3€nding Strength of Metallic Spinal Screws—Annex A4.
mance requirements and standard test methods to consistentlyl-6 Unless otherwise indicated, the values stated in SI units
measure performance-related mechanical characteristics &pall be regarded as the standard. _
spinal components. _ 1.7 This standard may involve hazardous materials, opera-

1.2 These specifications and test methods are a series ¥¢nsS, and equipmentThis standard does not purport to
standards available for addressing the concerns related @sldress all of the safety concerns, if any, associated with its
systems used in the surgical fixation of the spinal skeleta#S€. It is the responsibility of the user of this standard to
system. These specifications and test methods concentrate fablish appropriate safety and health practices and deter-
the individual components, which are found in many spinaimine the applicability of regulatory limitations prior to use.
fixation systems. If the user is interested in evaluating the next ooferenced Documents
level in the spinal fixation system chain, the interconnections™
between individual components and subassemblies (two or 21 ASTM Standards: General _ _
more components), the user should consult Guide F 1798. At E 4 Practices for Load Verification of Testing Maghlﬁes
the highest level in this chain is Test Methods F 1717, whichis E © 'I;ermlnology Relating to Methods of Mechanical Test-
used to evaluate an entire construct assembled from many _'N9 ) ) ) )
components and involves numerous interconnections and sev-E 122 Practice for Calculating Sample Size to Estimate,
eral subassemblies. With a Specified Tolerable Error, the Characteristic of a

1.3 It is not the intention of these specifications and test _ LOt Of Pro_ces% o _
methods to define levels of performance or case-specific E 467 Practice for Verification of Constant Amplitude Dy-
clinical performance for spinal components addressed by this _ Namic Forces in an Axial Fatigue Testing System
document. Insufficient knowledge is available to predict the E ,18223 Terminology Relating to Fatigue and Fracture Test-
consequences of using any of these components in individual _ "9 ) ) o
patients for specific activities of daily living. Furthermore, itis E 1942 Guide for Evaluating Data Acquisition Systems
not the intention of this document to describe or specify _ USed in Cyclic Fatigue and Fracture Mechamcs_Teétmg
specific designs for the individual components of systems used F 382 Specification and Test Method for Metallic Bone
in the surgical internal fixation of the spinal skeletal system. Plate§ _ ,

1.4 These specifications and test methods may not be F 543 Specification and Test Methods for Metallic Medical
appropriate for all types of spinal surgical fixation systems. The _ Bone Screw$ _ ,

F 565 Practice for Care and Handling of Orthopaedic Im-
plants and Instrumertts

! These specifications and test methods are under the jurisdiction of ASTM———————————

Committee FO4 on Medical and Surgical Materials and Devices and is the direct 2 Annual Book of ASTM Standagdgol 03.01.

responsibility of Subcommittee FO04.25 on Spinal Devices. 2 Annual Book of ASTM Standardgol 14.02.
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F 983 Practice for Permanent Marking of Orthopedic Im-process which results in the screw’s locking to the mating

plant Componenfs spinal construct element.
F 1582 Terminology Relating to Spinal Implafhts 3.3.4 shaft screw—a threaded anchor having an unthreaded
F 1717 Test Methods for Static and Fatigue for Spinalshank equal to its thread diameter.

Implant Constructs in a Vertebrectomy Motiel 3.4 Terminology—Geometric:

F 1798 Guide for Evaluating the Static and Fatigue Proper- 3.4.1 rod diameter (mm)-the length of a chord passing
ties of Interconnections Mechanisms and Subassembliggrough the center of the rod’s cross-section.
Used in Spinal Arthrodesis Implarits 3.4.2rod length (mm)-the overall dimension measured
F 1839 Specification for Rigid Polyurethane Foam for Usepetween the ends of a given rod.
as a Standard Material for Testing Orthopaedic Devices 3 5 Terminology—Mechanical/Structural:

and Instruments , 3.5.10.2% offset displacement (mma permanent dis-
2.2 _ASTM Standards: Materials placement equal to 0.002 times the test gage section length for
F 67 Specification for Unalloyed Titanium (UNS RS0250, {he specific test. The test gage section length is equal to the
R50400, R 50550, R50700) for Surgical Implant Applica- pending moment arm for spinal screw tests. The test gage
tions’ I . . section length is equal to the center span distance for spinal
F 136 Specification for Wrought Titanium-6Aluminum- 516 and rod tests where the loading rollers are directly
4Vanadium ELI (Extra Low Interstitial) Alloy (UNS  contacting the test specimen (Fig. A2.1 and Fig. A3.1). The test
R56401) for Surgical Implant Applicatiofis _ gage section length is equal to the unsupported distance
F 138 Specification for Wrought 18Chromium-14Nickel- hatyeen the ends of the extension segments for spinal plate and
2.5Molybdenum Stainless Steel Bar and Wire for Surgicaloq tests where extension segments are used to load the test

Implants (UNS S31673) o _ sample (Fig. A2.2). (distanc@B in Fig. A4.1).
F 1295 Specification for Wrought Tltanlu_m—(S_ArIi‘l;mmum- 3.5.2 axial pull-out load (N)}—the tensile force required to
7Niobium Alloy for Surgical Implant Applicatio fail or remove a screw from a material into which the screw has

F 1314 Specification for Wrought Nitrogen Strengthened,ee jnserted when tested in accordance with Specification and
22Chromium-12.5Nickel-5Manganese-2.5Molybdenumyaqt Methods F 543. Annex A3.

Stainless Steel Bar and Wire for Surgical Implants (UNS 3.5.3 bending fatigue runout moment (N-sthe value of
S20910% B . g
S . , the maximum moment that can be applied to a spinal compo-
F 1341 Speuﬂcaﬂqn for Unalloyed Titanium Wire (UNS nent where all of the tested sarggles have pexperien(?ed
R50250) fo_r_SurglcaI Implant App!|cat_|oﬁs ' 2 500 000 loading cycles without a failure at a sped#iratio.
F 1472 Specification for Wrought Titanium Ti-6Al-4V Al- 3.5.4 bending moment arm, L (mhe distance between
> |30y|;OC; zlt.jgggzgrldlgplant Applications (UNS R56400) the point where the test sample is gripped (typically the axis of
IéO 14630:1997 Non-active Suraical Im Iants—GeneraIthe longitudinal element) and the line-of-action for the applied
Re uirem.enf% 9 P force prior to any deformation of of the assembly. (See
g dimensionL of Fig. A4.2).
3.5.5 bending stiffness, S (N/mm}he slope of the initial

3. Terminology l lasti i f the load | displ
3.1 Unless otherwise defined in these specifications and tesp o eastic portion of fhe 0ad versus fotal displacement

methods, the terminology used in this document that is relate u:;vg éslljop%_of I|nI§0m Itn Fig. A4.t1)l.\| h . bend
to spinal implants will be in accordance with the definitions of. = ending ultimate moment (N-mjhe maximum bend-

N e . ng moment that can be applied to a test sample. This would
?qzcglecatmn F 382, Specification F 543, and TermmOIOg}}correspond to the bending moment at Pdinin Fig. A4.1.

3.2 Unless otherwise defined in these specifications and test -2/ bending é’ield mom((a)nt %N-mghe Ibending .”‘Or”]”e”t. |
methods, the terminology related to mechanical testing that jgecessary to produce a 0.2 % offset displacement in the spina

used in this document will be in accordance with the definitionscompor:)ent' If the specimen fractures before the test reaches
of Terminology E 6, Terminology E 1823, Specification F 382,the 0.2 % of_fset dlsplacemen_t point, the bending yield moment
Terminology F 1582, Test Methods F 1717, and Guide F 179g5hall be defined as the bending moment at fracture (it

3.3 Terminology—General: Fig. A4.1). . .
3.3.1 expansion head screwa threaded anchor that is 3.5.8 exposed length (mmnthe linear distance measured

designed so that the head can be elastically deformed, throudigtween the surface of the test block that the screw is
mechanical means, to establish an interconnection with anoth&MPedded in during the test and the location where the screw
spinal construct element. is anchored (typically the axis of the longitudinal element) in

3.3.2 locking screw—a threaded anchor that is rigidly con- the test fixture (see Fig. A4.2). _
nected to the longitudinal element of the spinal construct. 3.5.9 gross failure—permanent displacement resulting from

3.3.3 self-locking screw-a threaded anchor design that fracture or plastic deformation in excess of the yield displace-

undergoes a deformation process at the end of the insertigh€nt that renders the spinal component ineffective in fulfilling
its intended function.

3.5.10 insertion depth (mm}-the linear advancement of the
® Available from International Organization for Standardization (1ISO), 1 rue de screw into the test block mea$ured reIapve to its seated position
Varembe, Case postale 56, CH-1211, Geneva 20, Switzerland. at the test block’s surface prior to testing.
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3.5.11 median bending fatigue moment at N cycles (N-m) information should be legibly marked on the spinal component
the value of the maximum moment that can be applied to gitems listed in order of preference):
spinal component for which 50 % of the test specimens of a 6.2.1 Manufacturer’s name or logo,
given sample can be expected to surMNéading cycles ata  6.2.2 Material and, when applicable, the ASTM designation,

specificR-ratio. 6.2.3 Catalog number,

3.5.12 permanent displacement (mmjhe total displace- 6.2.4 Manufacturing lot number, and
ment remaining after the applied load has been removed from g 2 5 |f the component is manufactured according to an
the test specimen. ASTM specification, the ASTM designation.

3.5.13 torsion yield moment (N-rjthe applied torque at g 3 packaging shall be adequate to protect the spinal com-
which the screw reaches its proportional limit when tested iMonent during shipment.

accordance with Specification and Test Methods F 543, Annex 6.4 Package labeling for spinal components shall include
Al. The value is determined by using an offset method with 3he .following information:
2° angular offset. '
3.5.14 total displacement (mm}the distance, in the direc-
tion of the applied load, which the load application point has .
moved relative to the zero load intercept of the initial linear 6.4.3 Lot or slenal nurr:]ber, licable. th . .
segment of the load versus displacement curve (fintFig. 6.4.4 Material and, when applicable, the ASTM designation
A4.1). for the material, _a_nd N _
3.5.15yield displacement (mmjthe total displacement 6.4.5 The sterility condition of the packaged spinal compo-

associated with the bending yield strength (distadwén Fig.  Nent-
A4.1). 6.5 Spinal components shall be cared for and handled

according to the requirements specified in Practice F 565.

6.4.1 Manufacturer and product name,
6.4.2 Catalog number,

4. Significance and Use

4.1 Spinal implant constructs are typically a compilation of /- Materials
several components. Screws, plates, and rods are integral7.1 The manufacturer is responsible for ensuring that mate-
components of many spinal implant constructs. These compaials used to manufacture spinal components are suitable for
nents are designed to transfer load between the bone and timeplanting into the body. Material suitability can be verified
longitudinal or transverse element, or both. These specificawith the methods described in 1ISO 14630.
tions and test methods identify specifications for such compo- 7.2 The manufacturer should also consider the materials of
nents and define standard equivalent test methods that can bgher spinal components within the spinal implant construct
used when evaluating different related component designs. when selecting a material. Avoid the mixing of materials within
4.2 Since the loading of spinal componeimtsvivo may  a spinal implant construct in order to prevent the development
differ from the loading configurations addressed in thesef undesirable corrosion conditions.
specifications and test methods, the results obtained from this 7.3 Al spinal components that are made of materials that

document may not predidh-vivo performance of either the have an ASTM standard designation shall meet those require-
components or the construct as a whole. Such tests caments given in the ASTM standards. The following is a list of
however, be used to compare different component designs kbme materials that have been used for spinal components:
terms of relevant mechanical performance characteristics. 7.3.1 Unalloyed Titanium (see Specification F 67).

4.3 The performance-related mechanical characteristics de- 7 3 Wrought Titanium—6Aluminum—4Vanadium ELI (Ex-
termined by_ the_zse spegifications and test methods WiII_suppI)fa Low Interstitial) Alloy (see Specification F 136).
the user with information that may be used to predict the 7 3 3 gainjess Steel Bar and Wire (see Specification F 138).

mechanical performance of different design variations of simi- 5 4 Wrought Titanium—6Aluminum—7Niobium Alloy (see
lar (function and indication) spinal construct components. Specification F 1295).

5. Requirements 7.3.5 Wrought Nitrogen Strengthened -
22Chromium-12.5Nickel-5Manganese—2.5Molybdenum

5.1 The following spinal components shall conform to theZ” ~ i o
requirements of the listed standard specification: Stainless Steel Bar and Wire (see Specification F 1314).

5.1.1 Screws—Standard Specification for Metallic Spinal  /-3-6 Unalloyed Titanium Wire (see Specification F 1341).
Screws (see Annex Al). 7.3.7 Wrought Titanium Ti-6Al-4V Alloy (see Specification
5.1.2 Plates—Standard Specification for Metallic Spinal F1472).
Plates (see Annex A2). 8. K q
5.1.3 Rods—Standard Specification for Metallic Spinal ©: “EYWOrds

Rods (see Annex A3). 8.1 bend testing—plate; bend testing—rod; bend testing-
) ) ) _ —screw; bend testing—surgical implants; fatigue test—plate;

6. Marking, Packaging, Labeling, and Handling fatigue test—rod; fatigue test-screw; fatigue test-surgical im-
6.1 Mark spinal components using the methods specified iplants; orthopedic medical device—plate; orthopedic medical
Practice F 983. device—rod; orthopedic medical device—screw; orthopedic spi-

6.2 Markings on spinal components shall identify the manunal devices; performance; spinal arthrodesis; surgical devices;
facturer or distributor. When size permits, the following terminology; test methods—surgical implants
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ANNEXES
(Mandatory Information)

Al. SPECIFICATION FOR METALLIC SPINAL SCREWS

Al.1 Scope self-tapping and self-drilling spinal screws according to the test

A1.1.1 This specification describes metallic spinal screwgnethod found in Specification F 543, Annex A2 with the
that are used as anchor elements in spinal arthrodesis implarf@dlowing conditional requirements:
for the surgical fixation of the skeletal spinal system. A1.5.3.1 Manufacture the test blocks from Grade 40, Speci-
o fication F 1839 rigid polyurethane foam whose length is no less
Al.2 Classification than the insertion depth of the test being conducted.

Al.2.1 Even though there are numerous methods to classify A1.5.3.2 Conduct the driving torque tests at a motor speed
spinal screws, classify spinal screws according to the classifgf 30 r/min.

cation methods identified in Specification F 543. A1.5.3.3 Specific Screw Performance Testsleasure the

Al.2.2 Spinal screws can also be classified with regard t%riving torque of the longest length spinal screw of a given

t_he Screw's interconnecting capabilities W'.th other Sp'n.aldesign until the insertion depth is equal to the screw’s thread
fixation system components such as expansion head, lOCk'n%ngth

and self-locking.

A1.5.3.4 Comparative Screw Performance Tesfdleasure
Al1.3 Marking, Packaging, Labeling, and Handling the driving torque until an insertion depth is reached that is
A1.3.1 Dimensions of spinal screws shall follow the no-€gual to the shortest maximum screw thread length possible for
menclature established in Section 3. the screw designs being compared.

A1.3.2 In addition to the requirements of Section 6, add the A1.5.4 Axial Pull-Out Load—Determine the screw’s axial
screw diameter on the spinal screw labeling (when sizgull-out load using the standard test method of Specification
permits). F 543, Annex A3 with the following conditional requirements:

A1.3.3 In addition to the packaging information contained A1.5.4.1 Manufacture the test blocks from Grade 20, Speci-
in Section 6, include the screw diameter and screw length. fication F 1839 rigid polyurethane foam.

Al.4 Materials Al154.2 Insert each screw into the test block at a motor
. L ) speed of 30 r/min.
A;.4.1 Select spinal screw ma_lterlals in ac_cordance with the A1.5.4.3 Specific Screw Performance Testmisert the
requirements and recommendations of Section 7. . : . . : .
shortest spinal screw of a given design until the insertion depth
Al.5 General Requirements, Performance is equal to the screw’s thread length.
Considerations, and Test Methods Al1.5.4.4 Comparative Screw Performance Tesissert
A1.5.1 Drive Connectior-Suggested drive recesses for €ach spinal screw until an insertion depth is reached that is
spinal screws can be found in Specification F 543, Annex Ag€dual to the shortest maximum screw thread length possible for
A1.5.2 Torsion Properties-Determine the screw's torsion the screw designs being compared.
strength characteristics (torsional yield moment, maximum A1.5.5 Bending Properties-Determine the screw’s bend-
torque, and breaking angle) using the test method of Specifing structural stiffness, bending yield moment, bending ulti-
cation F 543. Annex Al. mate moment, bending fatigue runout moment, and when
A1.5.3 Driving Torque RequirementsDetermine the driv- applicable, the median fatigue bending moment at 2 500 000
ing torque requirements (insertion and removal torque) forcycles using the test methods described in Annex A4.

A2. SPECIFICATION FOR METALLIC SPINAL PLATES

A2.1 Scope and sacral) and position (anterior versus posterior).

A2.1.1 This specification describes metallic spinal plates A2.2.3 Preferred Use Limited to Specific Procedure$he
that are used as longitudinal elements in spinal arthrodesfyPe of surgical procedure where the plate is indicated (such as
implants for the surgical fixation of the skeletal spinal systemeconstruction, trauma, deformity, degenerative).

A2.2 Classification A2.3 Marking, Packaging, Labeling, and Handling
A2.2.1 Plates intended for spinal applications can be clas- A2.3.1 Dimensions of bone plates shall follow the nhomen-
sified with regard to the following characteristics: clature established in Section 3.

A2.2.2 Preferred Anatomic LocatierThe spinal region A2.3.2 In addition to the requirements of Section 6, include
where the plate is indicated (such as cervical, thoracic, lumbathe plate length on spinal plate labeling.
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A2.4 Materials A2.5.7 Load the test specimen during static tests at a
A2.4.1 Select spinal plate materials in accordance with thélisplacement rate not to exceed 10 mm/min.
requirements and recommendations of Section 7. Fatigue Tests

A2.5 Performance Considerations and Test Methods A2_.5.8 Test at least two specimens at each of three different
i ] , ) _maximum moment levels. One of the three maximum moment
A2.5.1 Determine the spinal plate’s bending structural stiff-jo\e|s shall satisfy the maximum runout moment condition.
ness, bending yield moment, bending ultimate moment, bendseyera) references have be compiled that can provide the user
ing fatigue runout moment, and when applicable, the mediatyith guidance and recommendations for selecting suitable

bending fatigue moment at 2 500 000 cycles using the methodssamme sizes for fatigue studies used to developMahl
of Specification F 382 and in accordance with the followingdiagram_ ( and 2°

requirements. . _ A2.5.9 Conduct the recommended fatigue test in a labora-
A2.5.2 Configure the four-point bend test fixtures so that thggy air environment at room temperature. Other test environ-
loading rollers (inner rollers that are located dimension “a”nents (simulated body fluid, 9-g NaCl per 1000 mL water
apart) are positioned in accordance with the requirements Qaline, a saline drip, or water) may be used while testing, but
Table A2.1 (see also Fig. A2.1). the suitability of using the respective test environment must be
A2.5.3 Position the test fixture support rollers (outer rollersj stified given the accelerated nature of the laboratory fatigue
that are located dimension “h” from the nearest loading rolleryact | an alternative test environment is used. record all
far enough away from the loading rollers so that the test articleyertinent parameters related to the environmental conditions

is free to respond to the applied bending moment (see Figyefore, during and after the test (temperature, pH, solution
A2.1). Under ideal conditions, position the support rollers INstrengths, and so forth).

accordance with the recommended dimensions of Table A2.1. o5 10 Apply sinusoidal cyclic loads in load control at an

The dimension “h” may be reduced to a/2 in order toR ratio of 0.10 for testing of devices intended for either the
accomodate testing (_)fshorter plates, but this condition must bgmpar and thoracic spine regions. Apply sinusoidal cyclic
documented in the final report. _ _ _ loads in load control at aR ratio of -1.0 for testing of devices

A25.4 _Mamtam the test fixture configuration consistent forjntended for the cervical spine region. Fig. A2.2 illustrates a
comparative tests. . _test setup for spinal plates that is capable of applying fully

A2.5.5 Only unused and untested specimens shall be ingyersed loadsR = -1). OtherR ratios may be used but must
cluded in the sample for a given spinal plate design. Includge qocumented in the report.
only final form and finished components in the sample. A2.5.11 The user shall determine the frequency at which to
Static Tests conduct the fatigue test, but the maximum recommended

] ) frequency of cyclic loading shall be 30 Hz.

A2.5.6 The sample size used for static tests shall be deter- o2 5 12 |nitial fatigue maximum moment levels that are 75,
mined according to the methods defined in Practice E 122 fosg and 25 % of the bending ultimate moment determined with
any given loading condition. If insufficient information is the static test method are suggested for the fatigue study. One
available to determine a suitable sample size with Practicg,aximum moment level should have specimens that do not fail

E 122, then use a minimum sample size of five. before 2 500 000 cycles. The difference between the maximum
moment value resulting in specimen failure and the maximum
TABLE A2.1 runout moment value must be less than 10 % of the device’s
Spinal Location h (mm) a (mm) bending ultimate moment.
Cervical 35.00 35.00 -
Thoracic and Lumbar 76.00 76.00 ® The boldface numbers in parentheses refer to the list of references at the end of

this standard.
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FIG. A2.1 Spinal Plate Test Configuration
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FIG. A2.2 Spinal Plate Test Configuration, R =-1 Loading
A3. SPECIFICATION FOR METALLIC SPINAL RODS
A3.1 Scope A3.3.2 In addition to the requirements of Section 6, include

A3.1.1 This specification describes spinal rods that are useif€ rod diameter and rod length on spinal rod labeling.
as longitudinal elements in spinal arthrodesis implants for th%\3 4 Materials

surgical fixation of the skeletal spinal system. ) . )
A3.4.1 Select spinal rod materials in accordance with the

A3.2 Classification requirements and recommendations of Section 7.
A3.2.1 Spinal rods indicated for spinal applications can be . .

classified with regard to the following characteristics: A3.5 Performanc_e ConS|de_rat|ons and Te§t Methods )
A3.2.2 Preferred Anatomic LocatierThe spinal region A3.5.1 Determine the spinal rod’s bending structural stiff-

where the rod is indicated (such as cervical, thoracic, lumbaf€ssS, bending yield moment, bending ultimate moment, bend-

and sacral) and position (anterior versus posterior). ing fatigue runout moment, and when applicable, the median
A3.2.3 Preferred Use Limited to Specific Procedureshe ~ bending fatigue moment at 2 500 000 cycles using the methods

type of surgical procedure where the rod is indicated (such a@f Specification F 382 and in accordance to the following

reconstruction, trauma, deformity, degenerative). requirements.
] . ] i A3.5.2 Fit the test fixture with 90° “V” alignment notched
A3.3 Marking, Packaging, Labeling, and Handling rollers. This roller profile will allow the testing of a range of
A3.3.1 Dimensions of spinal rods shall follow the nomen-rod sizes with a single roller set. Such rollers will also prevent
clature established in Section 3. the application of the load at the most highly stressed point on
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the circumference of the rod. for selecting suitable sample sizes for fatigue studies used to
A3.5.3 Configure the four-point bend test fixtures so that thelevelop arM-N diagram. { and 2

loading rollers (inner rollers that are located dimension “a” A3.5.10 Conduct the recommended fatigue test in a labora-

apart) are positioned in accordance with the requirements dbry air environment at room temperature. Other test environ-

Table A2.1 (see also Fig. A3.1). ments (simulated body fluid, 9-g NaCl per 1000 mL water
A3.5.4 Position the test fixture support rollers (outer rollerssaline, a saline drip, or water) may be used while testing, but

that are located dimension “h” from the nearest loading rollerthe suitability of using the respective test environment must be

in accordance with the recommended dimensions of Tabl@stified given the accelerated nature of the laboratory fatigue

A2.1. test. If an alternative test environment is used, record all
A3.5.5 Maintain the test fixture configuration consistent forpertinent parameters related to the environmental conditions
comparative tests. before, during, and after the test (temperature, pH, solution

A3.5.6 Only unused and untested specimens shall be irstrengths, and so forth).
cluded in the sample for a given spinal plate design. Include A3.5.11 Apply sinusoidal cyclic loads in load control at an

only final form and finished components in the sample. R ratio of 0.10 for testing of devices intended for either the
lumbar and thoracic spine regions. Apply sinusoidal cyclic
Static Test Method loads in load control at aR ratio of -1.0 for testing of devices

A3.5.7 The sample size used for static tests shall be detefdtended for the cervical spine region. Fig. A2.2 illustrates a
mined according to the methods defined in Practice E 122 foiest setup for spinal plates that can be similarly adapted in order
any given loading condition. If insufficient information is to apply fully reversed loadsX(= -1) to spinal rods. OtheR
available to determine a suitable sample size with PracticEtios may be used but must be documented in the report.

E 122, then use a minimum sample size of five. A3.5.12 The user shall determine the frequency at which to
A3.5.8 Load the test specimen during static tests at &onduct the fatigue test, but the maximum recommended
displacement rate not to exceed 10 mm/min. frequency of cyclic loading shall be 30 Hz.
A3.5.13 Initial fatigue maximum moment levels that are 75,
Fatigue Test Method 50, and 25 % of the bending ultimate moment determined with

A3.5.9 For fatigue studies, test at least two specimens atpe static test method are suggested for t_he fatigue study. O'?e
maximum moment level should have specimens that do not fail

each of three different maximum moment levels. One of th . )
three maximum moment levels shall satisfy the maximurr(?mfOre 2500000 cyc.les.'The dnfferencg between the maximum
oment value resulting in specimen failure and the maximum

runout moment condition. Several references have be compileraI

. ) . . tunout moment value must be less than 10 % of the device’s
that can provide the user with guidance and recommendatlorgs

ending ultimate moment.

- [} -orlan- g -ooten- |} >

90° “V" Notched

@ Roller

o | n
RS,

st Gage Sectia

Spinal Rod J

FIG. A3.1 Spinal Rod Test Configuration
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A4. TEST METHOD FOR MEASURING THE STATIC AND FATIGUE BENDING STRENGTH OF METALLIC SPINAL
SCREWS

A4.1 Scope of the spinal screw’s design being tested.

A4.1.1 This test method describes the methods for deter- A4.3.5 The reporting of static and fatigue bending proper-
mining the static and dynamic bending properties of metallidies determined by this testing technique are only suitable for
spinal screws that are used in spinal arthrodesis implants. Comparative evaluations between screws of different sizes,

A4.1.2 This test method is intended to provide a means ofl€signs, and materials.
mechanically characterizing different component designs OL\
spinal screws. It is not the intention of this test method to
define levels of performance of spinal screws since insufficient Test System Requirements: Static Bend Tests
information is available to predict the consequences of the use
of a particular screw design.

4.4 Apparatus

A4.4.1 Axial Load Frame—A test machine capable of
applying tensile or compressive loads at a constant displace-
A4.2 Summary of Method ment rate.

A4.2.1 Spinal screws are loaded in quasi-static cantilever A4.4.2 Force Transduce+A calibrated sensor capable of
bending in order to record the component's mechanical reMeasuring axial loads per the requirements of Practice E 4, and
sponse to the applied load. The load versus deflection curve Rfoviding an output readable by a suitable recording device.
then analyzed in order to determine data used to derive the A4-4.3 Displacement TransducerA calibrated sensor ca-
remaining bending properties of the spinal screw. pable of measuring axial dlsplaceme'n.ts with an accuracy of

A4.2.2 Samples of a given spinal screw are loaded undet1 % of its full scalg range, and providing an output readable
cantilever bending in a sinusoidal cyclic manner at a predetef?Y @ suitable recording device. _ _
mined frequency. The fatigue loading is continued until the A4.4.4 Recording Device-A calibrated recording device
specimen fails, a limit is reached which terminates the test, ofaPable of monitoring the output of the force and displacement
until a predetermined cycle count (runout limit) is reached. Théransducers and capable of generating a force versus displace-
resulting test information is then used to develop a momenf€nt curve. o o
versus number of cycles curve that will characterize the general A4-4.5 The suitability of any data acquisition system used
fatigue behavior for the given spinal screw design over a rang monitoring the progress of these tests should be evaluated in
of applied bending moments. Additionally, the information can@ccordance with the guidelines of Guide E 1942.
be used, when applicable, to determine the spinal screw’s

median bending fatigue moment determined for a specified Test System Requirements: Bending Fatigue Tests

number of cycles. A4.4.6 Force Transduce+A calibrated sensor capable of
o measuring dynamic tensile or compressive loads, or both, in
A4.3 Significance and Use accordance with Practice E 467.

A4.3.1 This test method establishes a uniform static and A4.4.7 Cycle CounterA device capable of counting the
dynamic bend test that will characterize, and can be used toumber of loading cycles applied to a test sample during the
compare, the static bending characteristics and fatigue perfocourse of a fatigue test.
mance of different designs of spinal screws. This test method is A4.4.8 Limit—A device capable of detecting when a test
used to determine a spinal screw’s fatigue life over a range gbarameter (for example, load, actuator displacement, DC error,
maximum bending moment conditions. Additionally, the and so forth) reaches a limiting value, at which time the test is
method may be alternatively used to estimate the spinadtopped and the current cycle count is maintained.
screw’s fatigue characteristics for a specified number of fatigue A4.4.9 The suitability of any data acquisition systems used
cycles. in monitoring the progress of these tests should be evaluated in

A4.3.2 Spinal screws are integral components of manyccordance with the guidelines of Guide E 1942.
spinal implant constructs. They are designed to anchor the ) _
longitudinal or transverse elements, or both, to the bone. This Test Fixture Requirements
test method defines standard equivalent test methods that canA4.4.10 Any test fixture implemented shall be sufficiently
be used when evaluating different designs of spinal screws. rigid so that its deformation under the maximum load is less

A4.3.3 This test method assumes that the spinal screw ithan 1 % of the test sample’s deformation.
manufactured from a material that exhibits linear-elastic ma- A4.4.11 The threaded region of the spinal screw is embed-
terial behavior. Therefore, the test method is not applicable foded into a test block made from a synthetic material that is
testing spinal screws made from materials that exhibit noneasily processed with standard spinal fixation system instru-
linear elastic behavior. ments. The user may manufacture a more rigid metallic test

A4.3.4 The fatigue test method described in this documenblock (that is, hardened stainless steel at 40 HRC min.), if so
is restricted to the testing of the spinal screw within thedesired, but may substitute Specification D 4020 or Specifica-
material's linear-elastic range. Therefore, the fatigue testion F 648 UHMWPE or Grade 40, Specification F 1839 rigid
method is not applicable for testing spinal screws undepolyurethane foam, for the test block material.
conditions that would approach or exceed the bending strength A4.4.12 An anchoring fixture is rigidly attached to the
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spinal screw’s head so that the screw’s head is fully conblock’s longitudinal axis. The drill used shall be the size
strained during the test. The load is applied to the test sampkgpecified by the manufacturer for the specimen being tested.
at the end containing the test block, which is protected fromWhen testing self-drilling spinal screws, a pilot hole that is no
localized failure by a protection sleeve placed around the tesarger than 75 % of the screw’s core diameter is recommended

block. (See Fig. A4.2) simply to ensure the screw’s orientation for testing. Drill the
) pilot hole straight and true at 90° to the test block’s surfaces
A4.5 Sampling that will be penetrated. Tapered holes are allowed when tapered

A4.5.1 Only unused and untested specimens shall be irscrews are to be tested. Complete the test block's hole
cluded in the sample for a given spinal component designpreparation according to the given spinal screw’s surgical
Include only final form and finished components in the sampletechnique (such as tapping when required).

A4.5.2 The sample size used for static tests shall be deter- A4.6.3 Insert the test sample into the test block to a depth of
mined according to the methods defined in Practice E 122 foapproximately 10 mm to create the same moment annidy
any given loading condition. If insufficient information is all screws having the same nominal length. For screws whose
available to determine a suitable sample size with Practicaominal length is less than 30 mm, inset the screw until
E 122, then use a minimum sample size of five. one-third the length of the screw (measured from the longitu-

A4.5.3 For fatigue studies, test at least two specimens alinal element interconnection and the screw’s tip) is engaged
each of three different maximum moment levels. One of then the test block.
three maximum moment levels shall satisfy the maximum A4.6.4 Mount the test sample in the test machine so that the
runout moment condition. Several references have been comerew’s head is rigidly constrained as illustrated in Fig. A4.2.
piled that can provide the user with guidance and recommenFhe test fixture depicted in Fig. A4.2 can be modified so that
dations for selecting suitable sample sizes for fatigue studiethe interconnection mechanism can be used for anchoring the
used to develop aM-N diagram. L and 2 screw.

A4.5.4 Use spinal screws of sufficient length so that at least A4.6.5 Position the test setup so that the load is applied to
5 mm of screw thread length is included in the exposed lengtithe center of the test block, 5 mm from each end. The bending

(see Fig. A4.2). moment arm () shall be held constant for all diameter screws
. of a given length. Install the protection sleeve over the test
A4.6 Preparation of Apparatus block.

A4.6.1 Manufacture test blocks so that the surface defined A4.6.6 Record the exposed length and bending moment arm
by the outside diameter of the screw is at least one screw thredgt) for the final test setup.
diameter away from the test block’s outer surface and 10 mm
long (measured in the direction of the screw’s longitudinalA4.7 Procedure
axis). Check to ensure that the test block surfaces are oriented .
so that the spinal screw’s undeflected longitudinal axis is Static Test Method
aligned perpendicular to the direction of the applied load. A4.7.1 Apply loads of increasing magnitude (in displace-
A4.6.2 Drill pilot holes in the test block for insertion of the ment control), and generate a load versus displacement dia-
test specimen. The holes shall be drilled coincident to the tegiram either auto-graphically or from numeric data acquired

m
1 E
Vi —\
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é B t t A + t t F t t
TOTAL DISPLACEMENT (mm)

FIG. A4.1 Typical Static Bending Test Record



A8y F 2193

Screw Locking Device

LOAD
APPLICATION
POINT

1
b

N

x?est Block

/ ANCHORED PIXTURE

L—Screw Anchoring Point

FIG. A4.2 Spinal Screw Test Configuration

during the test. Bending characteristics shall be measured usitgnding ultimate moment.

the apparatus described in A4.4. A4.7.8 The cycle counter shall record a cumulative number
A4.7.2 Load the test specimen at a displacement rate not tof cycles applied to the test specimen, and the appropriate

exceed 25 mm/min. Continue loading the test specimen untlimits should be set to indicate specimen failure or deviations

the slope of the load versus displacement curve, beyond theom the intended load system performance.

linear elastic region, changes “sign.” A4.7.9 Testing shall continue until the specimen breaks, a
A4.7.3 Unload the test specimen and record the failurdimit is reached which terminates the test, or the runout
location and failure mode, if applicable. criterion is reached.

A4.7.10 Record the results of each test including the maxi-

Fatigue Test Method mum moment, cycle count at test termination, and the failure
A4.7.4 Conduct the recommended fatigue test in a laboraocation and failure mode, if applicable.

tory air environment at room temperature. Other test environ- . .
ments (simulated body fluid, 9-g NaCl per 1000 mL waterA4'8 Calculation and Ir.1terpretat|on of Results
saline, a saline drip, or water) may be used while testing, but Static Test Method

the suitability of using the respective test environment must be A4.8.1 Determine the bending stiffness, bending structural

justified given the accelerated nature of the laboratory fatigugtifiness, 0.2 % offset displacement, bending yield moment,

test. If an alternative test environment is used, record alhnd bending ultimate moment in the following manner:

pertinent parameters related to the environmental conditions A4.8.2 On the test record that was generated during the test,

before, during, and after the test (temperature, pH, solutiodraw a best fit straight line0f) through the initial linear

strengths, and so forth). portion of the load versus total displacement curve (see Fig.
A4.7.5 Apply sinusoidal cyclic loads in load control atBn  A4.1).

ratio of 0.10 for testing of devices intended for either the A4.8.3 Determine the spinal component’s bending stiffness
lumbar or thoracic spine regions. Apply sinusoidal cyclic loadspy calculating the slope of liném

in load control at arR ratio of -1.0 for testing of devices  A4.8.4 Calculate the spinal screw’s bending structural stiff-
intended for the cervical spine region. OttReratios may be ness using the following specified relationship:
used but must be documented in the report. 3

A4.7.6 The user shall determine the frequency at which to El, = STL (A4.1)
conduct the fatigue test, but the maximum recommended
frequency of cyclic loading shall be 30 Hz. where:

A4.7.7 Initial fatigue maximum moment levels that are 75, E|,
50, and 25 % of the bending ultimate moment determined withS bending stiffness expressed in units of N/m, and
the static test method are suggested for the fatigue study. Onk bending moment arm expressed in units of m.
maximum moment level should have specimens that do not fail A4.8.5 Calculate the 0.2 % offset displacement value (see
before 2 500 000 cycles. The difference between the maximur8.5). On the load versus total displacement curve lay off the
moment value resulting in specimen failure and the maximuniine BC parallel to lineOm and offset by the 0.2 % offset
runout moment value must be less than 10 % of the device'displacement value.

bending structural stiffness (N3n

10
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A4.8.6 Determine the load at the intersection point between A4.9.12 Measurements for the bending moment arm, the
line BC and the load versus total displacement curve (pbint gripped length, and the exposed length.

of Fig. A4.1). Determine the spinal component’'s bending yield A4.9.13 Number of specimens tested for each sample and

moment (N-m) with the following specified relationship: the rationale for the sample size selected for the static test.
Bending Yield Moment= PL (A4.2) A4.9.14 Test specimen static test failure modes observed.

where: A4.9.15 Load versus total displacement curves for all static

P = the load N) at point D of Fig. A4.1, and tests.

L = bending moment arm expressed in units of m. A4.9.16 0.2 % offset displacement value.

A4.8.7 Determine the peak load during the static test (point A4,'9'17 Mean _and standarc_i deviation for t_he test compo-
E of Fig. A4.1). Determine the spinal component's bendingn_ems bending stlffness,_ bend|_ng structural stiffness, bending
ultimate moment (N-m) with the equation of A4.8.6 z‘;lndy'e'd moment, qnd be“"'”g ultimate moment.
substitute the loadN) at pointE of Fig. A4.1 for variableP. A4.9.18 Reratio used during the fatigue tests.

_ A4.9.19 Fatigue test frequency.
Fatigue Test Method A4.9.20 Description of the fatigue test environment if other

A4.8.8 Plot the maximum moment (N-m) and cycles to testhan the recommended room temperature laboratory air envi-
termination on arM-N diagram. Various techniques may be ronment.

used to estimate mean or median fatigue lives, statistical a4.9.21 Description of the fatigue failure mode and failure
differences between groups, curve fits of the fatigue dataocation for each specimen that failed.

probabilityfo(fj surviv_a! curvez,_ an(?c SO fortLB-BZj_ A4.9.22 Number of specimens tested for each sample and
A4.8.9 If determining median fatigue bending moment atyq rationale for the sample size selected for the fatigue tests.
2500000 cycles (N-m), it is recommended that the fatigue A4.9.23 Tabular listing that summarizes the maximum mo-

bending moment be determined as the median fatigue moment . S
(50 % probability of survival), using a technique or criteria ment and the resulting cycles to test termination data for the

described in the literaturel1{6) fatigue tests. ) ,
A4.9.24 Bending fatigue runout moment.

A4.9 Report A4.9.25 All initial and secondary fatigue failures and the
A4.9.1 The test report shall specify the following spinal failure modes.

screw characteristics: A4.9.26 Pictures of the failure surfaces.
A4.9.2 Manufacturer's name or logo. A4.9.27 Plot a semi-log\-N diagram of the maximum
A4.9.3 Screw descriptions including any relevant geometrignoment versus number of cycles to test termination. Uniquely

characteristics. identify specimens that have not failed prior to accumulating

A4.9.4 1f a screw is manufactured according to an ASTM2 500 000 fatigue-loading cycles.
specification, include the ASTM designation.

A4.9.5 Material and the ASTM designation, when appli-
cable.

A4.9.6 Catalog number.

A4.9.7 Manufacturing lot number.

A4.9.8 Test block material and dimensional information 1‘orA4_10 Precision and Bias
spinal screw tests.

A4.9.9 Intended Spina| location for the Spina| SCrew. A4.10.1 Precision—Data establishing the precision of this

A4.9.10 lllustration of the loading configuration used dur- method have not yet been obtained.
ing the investigation. Describe the similarities and differences A4.10.2 Bias—No statement can be made as to bias of this

A4.9.28 Regression analysis results for the maximum mo-
ment versus number of cycles to failure data (Include descrip-
tions of any analytical or statistical techniques used when
interpreting the fatigue data).

to the relevant figures contained herein. test method since no acceptable reference values are available,
A4.9.11 Any deviations from the recommended testnor can they be obtained because of the destructive nature of
method. the tests.

11
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APPENDIXES
(Nonmandatory Information)

X1. RATIONALE FOR THE OVERALL SPECIFICATION

X1.1 These specifications and test methods are intended tlements of spinal constructs. The purpose of spinal implants is
provide useful and consistent information related to the termito provide short-term stability while arthrodesis takes place.
nology, performance, application of test methods, and th&his test method does not address the long-term mechanical
application of components used in spinal constructs. Spindssues of spinal components, nor does it address the perfor-
construct component geometrical definitions, dimensions, clagnance of implants that do not lead to spinal fusion.
sification and terminology; material specifications; and perfor-
mance definitions are provided. X1.5 One of the objectives of these specifications and test

) ~ methods was to provide a consistent methodology for deter-

X1.2 The surgeon should be able to select the spinal devicgining an estimate of the spinal component's fatigue strength
that he feels is appropriate for the indication. In order {0 doy; 5 meaningful cycle count. The estimated number of cycles
this, the surgeon must have confidence that the designation @ben vivoin a twelve month period, which can be considered
size and its instrumentation has a specific, known meaning thgfie 4nproximate average time until fusion, ranges from 1 to 2.5
is quantifiable and reliable regardless of the manufacturer otijiion cycles. Doubling the 2.5 million cycles to 5 million

design. The mechanical behavior and material properties mugfides a factor of safety, but substantially increases the cost

also be described in a reliable, known manner that is irrespegss testing without providing additional meaningful data. Even

tive of the manufacturer or design. In order to accomplish this¢ 5 tailure is noted in the 2.5 to 5 million cycle range, it

uniformity of designations, the terminology, dimensions, Me-enerally occurs below the horizontal runout portion of the
chanical properties,and material properties must be standarflyrye and does not significantly affect the curve itself. There-

ized. fore, 2.5 million cycles was chosen as the cyclic runout limit.

X1.3 These specifications and test methods are not intended ] ) ] )
to define performance levels of spinal implants, as insufficient X1-6 The influence of simulated body fluid or saline may

knowledge is available to predict the consequence of the use gffect the relative performance of tested spinal components.
particular spinal implant design and assemblies. The performance tests identified in these specifications and test

methods are specified for ambient laboratory conditions in

X1.4 These specifications and test methods include a tesirder to reduce variability within the results. An individual
method that covers the static and dynamic evaluation of spinahvestigator may consider additional evaluations in simulated
components used as either anchorage elements or longitudirtzddy fluids, saline, or water to address environmental factors.

X2. ANNEX Al RATIONALE

X2.1 This annex is intended to provide useful and consisthe torsional strength limit when they are inserted into thick
tent information related to the terminology, performance,cortical bone.
application of test methods, and the application of spinal X2.2.3 Bending Properties-A critical characteristic of spi-
screws. Spinal screw geometrical definitions, dimensions, clastal screws since the screw provides the primary means of
sification and terminology; material specifications; and perfortransferring the load from the longitudinal element to the bony
mance definitions are provided in A1.1-A1.5. element. Additionally, the bending stiffness of the screw may

directly affect the rate and ability of healing or fusion.

X2.2 The following mechanical performance characteris- X2.2.4 Axial Pull-Out Load—A critical characteristic of
tics of spinal screws are considered to be important to thepinal screws since the screw provides the primary means of
surgeon for various reasons. transferring the load from the longitudinal element to the bony

X2.2.1 Maximum Torque-This characteristic identifies the €lément.

limiting torsional capacity of the spinal screw. This character- X2.3 The driving torque test requirements in this specifi-

istic is particularly important when dealing with self-tapping caion call for the insertion of the spinal screw into test blocks

and self-drilling screws. These screw designs have the Potens - nufactured from Grade 40, Specification F 1839 rigid poly-

tial to stress the screw to the torsional limit when they arg rethane foam. This density material was chosen for two
inserted into thick cortical bone. _ reasons. First, the material closely replicates cortical bone and
X2.2.2 Driving Torque RequirementsThese requirements i therefore, provide tests results that are representative of

identify the potential level that the screw could be stressed ifng \yorst case clinical situation. Second, the referenced mate-
torque upon insertion. This characteristic is particularly impor-ig) provides a uniform material for testing.

tant when dealing with self-tapping and self-drilling screws.
These screw designs have the potential to stress the screw toX2.4 The axial pull-out load test requirements in this

12
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specification call for the insertion of the spinal screw into testspeed better represents the clinical insertion speed for screws
blocks manufactured from Grade 20, Specification F 1839 rigidhan the 3 r/min specified in Specification F 543, Annex A2.
polyurethane foam. This density material was chosen for two . ) )

reasons. First, the material closely replicates cancellous boneX2:6 ~Spinal screws are inserted into the test block to
and will therefore, provide tests results that are representativ%oec'f'c insertion depths that are correlated to the specific test.

of the worst case situation. Second, the referenced materid"® greatest insertion depth was selected for the driving torque
provides a uniform material for testing. test and the smallest insertion depth was chosen for the axial

pull-out load test since these conditions each represent the
X2.5 An insertion speed of 30 r/min (one-half turn per worst case clinical condition for the respective performance
second) was chosen for the screw insertion processes since tiést.

X3. RATIONALE FOR ANNEX A2

X3.1 This annex is intended to provide useful and consis- X3.4 The specified bend test roller positions in this method
tent information related to spinal plates. have been selected so that the spinal plate section being tested

%3.2 Spinal plate bendi " the critical perf is equivalent to the active length of the spinal plate when tested
: pinaj piaté bending properties are the critical per Or'according to Test Methods F 1717. Itis important that all spinal
mance characteristic since the plate provides the primar

means of stabilizing the motion segments. Additionally, th %Iate design features that would normally be tested during an

bending stiffness of the plate may directly affect the rate an est Methods F 17.17 test be included in the spinal pla_te
ability of healing. component test. This would ensure that all stress concentrating

features of a given plate design are considered during the
X3.3 Afour-point bending load is specified for spinal platescomponent test.

since that loading configuration can reproduce the dominant

stress condition within an implanted spinal plate.

X4. RATIONALE FOR ANNEX A3

X4.1 This annex is intended to provide useful and consis- X4.4 The user is allowed to freely pick the test fixture
tent information related to spinal rods. configuration (roller contact points) for spinal rod testing since

. . . . the rod’s cross section is uniform along the rod’s length and
X4.2 Spinal rod bending properties are the critical perfor-Iacks any design features along its length that would be

mance characteristic since the rod(s) provides the PrIMarY, sidered stress concentrators. Therefore, any rod section

means of stabilizing the motion segments. Additionally, the elected for the test would be representative of the overall rod’s
bending stiffness of the rod may directly affect the rate an . i P
mechanical properties.

ability of healing.

X4.3 A four-point bending load is specified for spinal rods
since that loading configuration can reproduce the dominant
stress condition within an implanted spinal rod.

X5. RATIONALE FOR ANNEX A4

X5.1 This test method is designed to measure the mechani- X5.2 A cantilever-bending load is specified for spinal
cal properties of spinal components subjected to both static arstrews since it provides a simplification of the dominant stress
fatigue-bending loads, which are the most common types ofondition within an implanted spinal screw.
loading encountereth-vivo. This test method addresses itself
to properties of the component rather than the material from
which the spinal component is manufactured.

13
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