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What standards can (and can’t) tell us about a spinal device
Jove Graham, PhD a, Bradley T. Estes, PhD b,*

a Center for Health Research, Geisinger Health System, Danville, PA
b Department of Surgery, Division of Orthopaedic Surgery, Duke University Medical Center, Durham, NC

bstract

Standards are important tools in evaluating and predicting the performance of medical devices prior to implantation. There are three types
f standards that are available: a material specification, a standard test method, and a standard test guide. Each of these types of standards
s defined with examples of how each is used to facilitate evaluation of medical devices. The standards development process is also
escribed: this is a complex process, requiring the involvement of a multidisciplinary team, usually consisting of engineers, scientists, and
linicians who represent healthcare, academia, government, and industry. Finally, standards have a clear and defined role in the development
f medical devices, and the benefits, strengths, as well as the limitations in this role are discussed.
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Have you ever wondered how a device company is able
o compare a device to a similar device marketed by a
ompetitor? Why can one manufacturer claim that a partic-
lar device is “stronger” or “stiffer” than that other device?
n many cases, the manufacturer makes claims about the
roduct in relative terms compared to other products, and
any products are cleared or approved by FDA by making

seful comparisons to existing products. Typically, the
anufacturer is using some mechanical testing data to jus-

ify any comparative statements and claims about a partic-
lar device. The process by which these data are generated,
owever, is often difficult for users of the device to under-
tand, particularly the process by which the manufacturers
etermined which tests to conduct to obtain the data. If each
anufacturer tested their device differently, there would be

o way to compare devices to make objective evaluations
n their performance characteristics. Logically, some com-
on ground is needed so that devices can be objectively

The ASTM and ISO standards mentioned in this article are published
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ditions) via the organizations’ websites, www.astm.org and www.iso.org.
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valuated. To this end, standards are needed, and each of us
n the medical device field is accustomed to manufacturers
r users of spinal implant devices asserting that a device
conforms to a standard” or the device was tested “accord-
ng to a standard.” The purpose of this article is to discuss
he need for standards, the development process, and their
trengths and limitations.

ifferent types of standards

There are 3 main types of standards that are relevant to
pinal implants and other medical devices: standard material
pecifications, standard test methods, and standard test
uides. These types of standards serve very different pur-
oses.

Material specifications actually list chemical and physi-
al properties that a material must have in order for a
aterial supplier to claim that the material meets the stan-

ard. ASTM International (formerly the American Society
or Testing and Materials), for example, publishes many
tandard specifications for different metallic alloys such as
itanium, stainless steel, or cobalt chrome for surgical ap-
lications. ASTM F136-08, a standard specification for ti-
anium alloy, describes the maximum percent compositions
f each chemical element (eg, 0.05% nitrogen, 0.08% car-
on), as well as minimum strength values that the material
ust meet in order to conform to the standard. Standards
ike these are published for most of the major surgical alloys

e Surgery. Published by Elsevier Inc. All rights reserved.
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nd metals, as well as for medical polymers such as ultra-
igh molecular weight polyethylene (UHMWPE), acrylic
one cement, and polyetheretherketone (PEEK).

Standard test methods describe how to set up and con-
uct a test of a specific mechanical property or device
haracteristic. For a mechanical test, for example, the stan-
ard might describe how to grip the device in the testing
achine, where and how loads should be applied, and how

o build any test blocks or fixtures that are required. In many
ases, a standard test method will actually include multiple
ub-methods for testing in different loading modes such as
ompression, shear, or torsion. Specific test parameters,
uch as the number of samples to be tested or the amount of
oad, are specified, as well as a description of the measure-
ents or properties that should be reported as results. How-

ver, standard test methods for spinal devices do not gen-
rally define any specific values that the results must meet in
rder for a device to “pass” the test. These types of stan-
ards are commonly referred to as performance standards,
s they define performance levels for a given device. Most
tandards do not define performance criteria, but rather
eave this responsibility to the user to define his or her own
cceptance criteria for each test based on the intended ap-
lication of the device. Although standard test methods do
ot usually define performance criteria for a device, the test
ethod itself is beneficial, because it defines a protocol for

roducing repeatable, reliable results and avoids the need
or every manufacturer to invent a new test method each
ime a new product is being developed. In this way, standard
ethods allow comparisons of data not only among differ-

nt device designs tested in the same lab but also devices
ested at different labs.

Finally, a standard test guide usually precedes the devel-
pment of a test method. Typically, when the process of
eveloping a new standard is beginning, the devices that are
ntended to be tested are still undergoing early clinical
valuation, and their in vivo performance and potential
ailure modes are unknown. In cases such as these, the
tandard will be written in a more general fashion specify-
ng tests and methods that should be evaluated, but stopping
hort of delineating precise test methods. As more experi-
nce is obtained through “bench-top” testing and clinical
valuation, a formal standard test method can be written.
his is usually a joint effort between clinicians and engi-
eers who collaboratively tailor the standard test method to
orrespond to how the implants perform in vivo.

It is important to understand, therefore, that if a spinal
mplant device’s material “meets a standard,” that statement
ells you something very specific about the material’s chem-
cal and physical properties. If a spinal implant device was
tested according to a standard,” then this statement means
hat an established test method or guide was used in order to
valuate the device, but more information is needed if you
ant to know how the results of that testing compared to
ome objective criteria. e

https://www.ijssurgerDownloaded from 
ow standards come to be (Who writes standards?)

Standards development is both a voluntary and consen-
us process. In addition to ASTM International’s F04 Com-
ittee on Medical and Surgical Devices, other organiza-

ions, including the International Standards Organization
ISO) and Association for the Advancement of Medical
nstrumentation (AAMI), also have groups devoted to med-
cal device standards. The development of a standard is a
onsensus process with people working together to agree on
standard method or specification. This is a complex en-

eavor and often requires teamwork between engineers,
cientists, and clinicians. Because of this multi-disciplinary
ask at hand, these groups are made up of volunteer repre-
entatives from healthcare, academia, government, and in-
ustry who work together to write a standard method or
ractice. It should be noted that the activity of designing
ppropriate tests and standards for device characterization
equires highly skilled individuals who have the ability to
ridge the gap between clinical and scientific perspectives.
n extensive understanding of anatomy, pathology, biome-

hanics, and engineering, which is usually gained through
ross-functional teams, is critical to successful standards
evelopment.

Standards organizations have voluntary membership and
ave no legal authority to impose or enforce the implemen-
ation of their standards. Some standards have been adopted
y some governments as part of their legislative or regula-
ory framework, but such decisions are made by individual
overnments and not by the standards organizations. In the
nited States, the Food and Drug Administration (FDA) has
standards recognition program by which consensus stan-

ards may be evaluated by the FDA and recognized for use
n satisfying a regulatory requirement. This conformity is
oluntary but intended to reduce the time and burden nec-
ssary for clearance or approval of a device, as both the
anufacturer and FDA are already familiar with the details

f the standard.

enefits of standards (Why do we use standards?)

The primary benefit of a successful standard test method
s that it establishes a procedure that can be used by differ-
nt laboratories to test different devices and obtain results
hat can be meaningfully compared. In theory, standards
hould also establish consensus in the scientific community
s to the best currently available test procedures for a
pecific type of device. A standard should ideally be sup-
orted by experience and data obtained from testing so that
sers have some confidence that the techniques described
an produce repeatable, reliable results. As discussed pre-
iously, if a standard test method has been developed for a
articular type of device, manufacturers should be spared
rom having to “reinvent the wheel” each time they develop
new design. To put it a different way, if 12 companies are
eveloping the same type of device, it should be more

fficient if they can each use an already-published standard
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180 J. Graham et al. / SAS Journal 3 (2009) 178–183
est method, instead of having to spend extra time in the lab
esigning 12 different test protocols from scratch.

Another important benefit of a standard test method is
hat it streamlines the amount of information that must be
ommunicated between a manufacturer who performs the
esting and someone else who is interested in the results.
f the 2 parties are both familiar with the published
tandard method, then the manufacturer does not need to
xplain the technical details of the testing but can instead
ocus on presenting and discussing the results. Because
he test setup and testing parameters should already be
amiliar to both parties, everyone begins with a common
oint of reference.

xamples of current spine standards

Table 1 lists some of the material specifications and
tandard test methods that relate to spinal implant devices,
s currently published by ASTM International and ISO.

able 1
xamples of standard material specifications and test methods relevant to

aterial specifications

STM F67 Unalloyed Titanium
STM F75 Cobalt-28 Chromium
STM F136 Wrought Titanium-6

Applications
STM F648 Ultrahigh Molecular

Implants
STM F2026 Polyetheretherketone

pinal fusion systems

STM F1717 Standard Test Metho
STM F1798 Standard Guide for E

Subassemblies Us
STM F2193 Standard Specificatio

Spinal Skeletal Sy
STM F2706 Standard Test Metho

Constructs in a Ve
SO 12189 Implants for surgery

spinal implant ass

ntervertebral body fusion devices (cages)

STM F2077 Test Methods for Int
STM F2267 Standard Test Metho

Device Under Sta

otal disc replacements

STM F2346 Standard Test Metho
STM F2423 Standard Guide for F

SO 18192-1 Implants for surgery
displacement para

ther nonfusion devices or systems

STM F2624 Standard Test Metho
Preserving Implan

STM F2694 Standard Practice fo
Prostheses
hese 2 organizations have published standards that address d

https://www.ijssurgerDownloaded from 
ost of the major categories of spinal device: fusion sys-
ems, interbody fusion devices, disc replacements, and other
onfusion devices or systems. For fusion systems, these
tandards describe testing of mechanical strength, stiffness,
nd fatigue strength of individual components or entire
ystems. For interbody fusion devices, also known as cages,
hese standards describe static and dynamic testing of cages
s well as measuring the resistance of a cage to subsidence
i.e., the device sinking into the vertebral body endplate).
tandards have also been created to address static, fatigue,
nd wear testing for total disc replacements. ASTM has also
ublished 2 standards describing testing of other types of
onfusion systems, specifically total facet replacements and
xtra-discal motion preserving systems. Because of the re-
ent rapidly-growing interest in motion preservation and
ynamic nonfusion devices, there are many types of devices
or which standards are still being developed but for which
one currently exist. For those devices, a manufacturer may
e able to begin with a published standard for a similar

implant devices

gical Implant Applications
ybdenum Alloy Castings and Casting Alloy for Surgical Implants
um-4Vanadium ELI (Extra Low Interstitial) Alloy for Surgical Implant

t Polyethylene (UHMWPE) Powder and Fabricated Form for Surgical

) Polymers for Surgical Implant Applications

Spinal Implant Constructs in a Vertebrectomy Model
ng the Static and Fatigue Properties of Interconnection Mechanisms and
pinal Arthrodesis Implants
Test Methods for Components Used in the Surgical Fixation of the

Occipital-Cervical and Occipital-Cervical-Thoracic Spinal Implant
tomy Model
hanical testing of implantable spinal devices – Fatigue test method for

using an anterior support

bral Body Devices
easuring Load Induced Subsidence of an Intervertebral Body Fusion
l Compression

Static and Dynamic Characterization of Spinal Artificial Discs
al, Kinematic and Wear Assessment of Total Disc Prostheses

r of total intervertebral spinal disc prostheses – Part 1: Loading and
for wear testing and corresponding environmental conditions for test

tatic, Dynamic, and Wear Assessment of Extra-Discal Spinal Motion

onal and Wear Evaluation of Motion-Preserving Lumbar Total Facet
spinal

for Sur
-6 Mol

Alumin

Weigh

(PEEK
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181J. Graham et al. / SAS Journal 3 (2009) 178–183
ork may be needed to develop a battery of original test
ethods that addresses all potential failure mechanisms.

he process of standards development

Standards development usually begins with the product
evelopment process, since new products need to be tested.
ypically, surgeons identify persistent clinical problems
nd these unmet needs spawn the innovation of new, novel
echniques and implants to treat spinal disorders. But will
hese new devices work clinically? Part of the process for
etermining how a new implant will perform is to perform
design failure modes and effects analysis (DFMEA) to

valuate relevant modes of failure of the device (i.e., how
ight it fail in vivo in its intended application?). This

nalysis, complemented by an understanding of the in vivo
tresses and strains to which the implant will be subjected,
llows the engineer to develop relevant test protocols that
valuate the potential failure modes of the device. In most
ases, this process requires multiple tests, test configura-
ions, and test fixtures. If a consensus can be reached, these
ndividual test methods can eventually become standards.

To cite an example of the development of a standard, a
ecent test method that was published by ASTM subcom-
ittee F04.25 relates to the testing of extra-discal motion

reserving devices (F2624-07, Standard Test Method for
he Static, Dynamic, and Wear Assessment of Lumbar Ex-
ra-Discal Spinal Motion Preserving Implants). These sys-
ems can take several forms, including pedicle screw-based
ystems with cords or flexible rods or devices that act as
pinous process “bumpers” which limit spinal extension.
ecause no applicable standards existed when these prod-
cts were in the early stages of development, each engineer
ad to modify existing standards or develop their own test

ig. 1. The evolution of flexion/extension test configurations (A) initial co
he lumbar spine, (B) intermediate concept employing external rocker arms
sed in extra-discal standard.
ethod to evaluate their own device. The engineers who u

https://www.ijssurgerDownloaded from 
ad already been testing these types of devices assisted the
tandards process as their data and experience were avail-
ble to facilitate the drafting of a standard test method. The
ubcommittee agreed early in the development of the stan-
ard that it would provide test methods for the static, dy-
amic, and wear testing of extra-discal motion preserving
mplants.

While agreeing on the scope was relatively easy, coming
o a consensus of how to actually perform these tests re-
uired a collaborative effort between engineers and sur-
eons. After 2 and a half years of discussions and testing,
he ASTM subcommittee reached a consensus on how the
ests should be performed. Figure 1 shows the evolution of
he fixtures for testing extra-discal motion preserving de-
ices during the development of the test method. Initially, a
tainless steel ball and a socket machined into 2 simulated
ertebral bodies were proposed (Fig. 1A) to mimic the
otations of the spine. While this was a simple apparatus, it
as agreed that isolating wear debris from the device (as
pposed to debris generated from the ball and socket) would
e too difficult. The next iteration of the fixture design was
verly complex, employing a series of rocker arms to gen-
rate flexion/extension motion (Fig. 1B). The final version
Fig. 1C) relies on a torsional actuator to generate flexion-
xtension motion, effectively allowing the engineer to con-
rol the moments to which the device is subjected while
llowing for particle isolation.

The development of F2624 serves as a good example of
he iterative process by which consensus is reached on a
tandard. The use of this standard provides a common de-
ominator and effectively facilitates device comparison
ased on static, fatigue, and wear characteristics in flexion/
xtension, lateral bending, and axial rotation. This test
ethod provides data to the investigator, which can then be

sing a stainless steel ball about which to rotate to mimic the rotations of
erate flexion/extension motion, and (C) final concept drawing of assembly
ncept u
to gen
sed to decide whether a particular device could be used
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182 J. Graham et al. / SAS Journal 3 (2009) 178–183
linically, or, in many situations, as a starting point for the
ext design iteration of the product. It is also important to
nderstand that standards are intended to be “living” docu-
ents that are updated as new information becomes avail-

ble. This updating occurs by 2 pathways: (1) at any time,
member can identify or generate new data that should

hange a standard and present a draft of new language for
alloting; or, (2) alternatively, changes can be made during
periodic review and reconfirmation process which occurs

very 3–5 years depending on the standards organization.
STM standards, for example, are required to be reviewed

nd reapproved every 5 years. While F2624 serves as a good
xample of the iterative process by which standards are
eveloped, the final verdict on the usefulness and applica-
ility of this particular standard relative to the in vivo
erformance of extra-discal motion preserving devices is
et to be determined. In some instances, standards must be
ignificantly revised to provide meaningful data that is in-
icative of successful in vivo performance. One way that
tandards organizations facilitate review of standards is by
ponsoring symposia and workshops to call for papers re-
arding current standards, so that they may be evaluated for
ffectiveness and updated as appropriate, or, in some cases,
eleted altogether. Regardless of the method for how stan-
ards are updated, it is crucial to the success of any stan-
ards organization for standards to remain up to date so that
tandards remain meaningful and useful to the scientific and
edical community.

imitations of standards (What can’t they do?)

As previously discussed, a limitation of standard meth-
ds is that they do not dictate how to interpret testing results
r whether a particular result should be considered a “suc-
ess” or “failure.” It is the responsibility of the user to define
he acceptance criteria for the test and to compare the final
esults to these acceptance criteria to determine whether or
ot the device should be suitable for the desired application.
cceptance criteria for mechanical testing of spinal im-
lants are generally developed from 2 kinds of sources.
ecause the FDA’s 510(k) notification process requires

ome devices to be shown “substantially equivalent” to a
reviously-cleared device, acceptance criteria may often be
ased on data from another device. An alternative approach
s to use acceptance criteria based on the expected physio-
ogic loads or motions that will be applied to the device in
ivo, based on the various estimates of spinal loads and
inematics that can be found in the biomechanics literature.
owever, interpretation of the biomechanical literature can
e very subjective, and requires that literature data are
pplicable to the particular location, application, and load-
ng mode of the device. As a result, establishing robust
cceptance criteria based on biomechanics may be signifi-
antly more complex than using a comparable device.

A standard test method may not always work as a “one

ize fits all” method, and may require slight modification or o

https://www.ijssurgerDownloaded from 
daptation by a user to fit his or her particular new design.
standard must be specific enough to evaluate a type of

evice with good reproducibility, yet it must be defined
roadly enough to allow testing of more than just one
articular design. Innovation and competition demand that
o 2 devices be exactly the same in terms of geometry,
aterials, and other design characteristics. Therefore, stan-

ards must be flexible enough to evaluate and compare
ifferent designs, yet not so open-ended that they prohibit
eaningful comparisons among them. If a standard must be
odified, the user must realize that some modifications will

ave greater consequences than others, and understand how
ach modification of the method will affect her ability to
ompare the results with data from devices tested using the
riginal, unmodified method. In reporting results of a mod-
fied standard method, it is also important that the user
eport what modifications were made and the justification
or each, so that others may understand his rationale.

Finally, and most importantly, it should be recognized
hat standards are typically focused on methods of measur-
ng very specific characteristics of a device such as strength,
tiffness, or wear resistance, and are not intended to dupli-
ate all of the complex, multi-axial, weight activity-depen-
ent loads on the spinal column. It is difficult to simulate the
omplex in vivo loading environment in an in vitro test, but
linical experience with spinal implants and biomechanical
esearch can guide the development of simpler tests focused
n specific mechanical properties. These properties can be
sed to compare different devices to each other and to
nticipated loads. Test results provide useful tools for com-
arison of devices, but results cannot necessarily be extrap-
lated to predict clinical performance because of the com-
lexity of the in vivo environment compared to rigidly
ontrolled laboratory conditions. In the previous example of
STM F2624, a standard was developed that effectively

ompares mechanical differences between devices, but
hether those differences translate into differences in clin-

cal performance remains to be seen. Typically, that corre-
ation between mechanical and clinical differences can only
e investigated once there have been enough devices ex-
lanted to examine their failure modes and compare them to
evices tested according to the standard. Again, while
2624 was reached by a consensus effort of an ASTM
ub-committee, ultimately, data from retrievals will serve to
alidate whether the methods detailed in F2624 are appro-
riate for evaluating extra-discal motion preserving devices.
n this same light, some analyses of retrieved total disc
eplacements, for example, have suggested modifications
hat should be made to future versions of the existing disc
ear standards.1–3

linical failure modes, challenges, and conclusions

It is incumbent upon an engineer developing a product to
ddress all potential failure modes. Testing a device using

ne or more standard test methods is prudent. However, in
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ight of all of the potential in vivo failure modes, using only
tandard test methods to evaluate a potential product would
e a mistake. There are indeed in vivo failure modes that
annot be addressed through bench-top testing, particularly
hose that are related to biological responses that cannot be
imicked in an in vitro environment. Examples of in vivo

ailure modes that would be difficult to predict using bench-
op models are device expulsion, device-related osteopenia,
nd subsidence. Because these potential failure modes are a
unction of the complex biological and biomechanical en-
ironment of the implants, which the investigator cannot
uplicate precisely in the lab, assessment of these failure
odes requires other modes of evaluation.
To build on the previously-discussed example of the

xtra-discal motion preserving device test method, wear
ebris from the test bath could be characterized using the
tandard, but making definitive statements regarding the
iological effect of these particles would be difficult without
urther study. Might the particles result in an immune re-
ponse, ultimately resulting in a loose implant unable to
tabilize the spine, or would the particles result in chronic
nflammation and pain even if the device stabilized as in-
ended? If particles are suspected to be generated, then
eparate biocompatibility standards, such as ASTM F1903-
8, F1904-98, F1905-98 or F1906-98, should be applied.
nly these types of assessments using animal models would

tart to answer questions of biocompatibility. Aside from
iological issues, fixtures employed for bench-top testing do
ot recreate the complex loading of the spine, especially
ince engineers will often simplify the loading to facilitate
esting and comparisons between devices (see Fig. 1). The
esults of bench-top testing based on engineering fundamen-
als and the expected in vivo biomechanical environment
ust, therefore, be extrapolated upon to predict in vivo

erformance. Because assumptions will always play a role

n predicting performance, standards cannot, nor should

https://www.ijssurgerDownloaded from 
hey, ultimately be solely relied upon to determine whether
r not the device should be used clinically.

As surgeons, engineers, and scientists better understand
he biological and mechanical environment in which im-
lants are intended to function, standards will continually
volve to better address the needs of the medical device
ommunity. Other tools, such as mathematical models, that
ncorporate both the biological response and the biome-
hanical environment can be employed, and perhaps even
eveloped into standards, hopefully leading to quicker and
ore successful product development. Other evaluation
ethods are also required to render a full understanding of

ow a device performs. These may include in vivo animal
xperimentation, material, custom-mechanical, biomechani-
al, histological, clinical, and explant analyses. Regardless
f tools used and methods employed, the investigator
hould always keep in mind that the goal of testing is to
valuate the device’s ability to withstand physiologic con-
itions and function as intended without failure. Clearly,
tandard test methods are only 1 tool to help achieve this
oal and are, consequently, only 1 piece of the puzzle in
evice characterization. Hopefully, the use of standards will
mprove communication between those who test devices
nd also work in concert with other analysis tools to assist
he investigators in a full performance characterization of
he device.
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